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SUMMARY AND CONCLUSIONS 


We have now completed a general investigation of those issues related 

to water management in the Grand River Basin which have been amenable 

to analysis with existing information. Our terms of reference for this 
study were: 


"To review the future likely growth and development of the 
communities in the Grand River Basin and the various demands 

for water which this will entail. Further, to study the water 
available from different sources and the proposals suggested to 
date for satisfying the requirements from these sources. This 

will include an examination of the consequences of the alternative 
proposals in terms of water supply, quality, flood control, 
recreation and in general, the management of the river system as 

a resource. Costs and financial implications of each alternative 
will be identified and analysed. Based upon this review, the 

broad policy options will be discussed as to their desirability 

and short term priorities will be recommended. The requirements in 
terms of future studies to allow the formulation of a detailed 
long-term development plan and a process to evaluate the consequences 
of changing conditions on this plan will be summarized." 


On February 26, 1971 our interim report, listing five short-term priority 
recommendations was presented to the Annual Meeting of the Grand River 
Conservation Authority, in Galt, by the Honourable George A. Kerr. This 
present report and its recommendations are the product of further studies 
carried out since that date by an inter-departmental government team 
directed by the Management Science Branch of the Treasury Board Secretariat. 


We have approached these studies with the aim of addressing the major 
contentious issues and priority needs. We are of the opinion that our 
recommendations will provide solutions to pressing water management 
problems of the next decade and will further provide the wherewithal to 
complete the comprehensive planning necessary to handle the next thirty 
years. Certain rather substantial shifts in priorities from those suggested 
in the past by other reports and supported by various agencies, will be 
found in our recommendations. In addition, certain issues which were 
claimed to be resolved by past reports have been held over for future 
study in this report. We make no apologies for this, as it is, based upon 
our belief that past studies have not addressed all of the complexities 
and alternatives inherent in the system. Despite the multitude of studies 
carried out concerning various aspects of water management in the basin 
over past years, we are left with the inescapable conclusion that there is 
presently insufficient relevant data to clearly resolve all of the main 
issues. The terms of reference for past studies have tended to be narrow 
due to budgetary restrictions and divided jurisdictions concerning water 
management. In addition, public awareness and concern for environmental 
issues have greatly increased recently and the technology for dealing with 


See 


Ae i aye creak 


PGR yi! i, vi 
on Bs any 


a 


ee 


Anbidar sehen 


or wy per lit SY benead 4 Care pr 
setew er bute 9 Mp ahnths dish dietpdd. 4 arast 
of batesnyie, Ginsedse ot eaaroe ayehttb 0 nt 
2tat , zanwor seettt, mon etamey tb } a 0 
gvifetiet!s edt to epraqupsenen ent Te aKa 8 hone 
-. Feinde’ bool? eythane! ox Stew To eorved At! ef 
. 36 woteya wv silt to Hipaadly sn a 8p tb 
ovitsmetts dase to enofieottc se jaa | ides og dl | 
odt ,wetvar atid aAoqy beep hee bei ne 
usttidertesh whats of -26° Rescate, pv “athe db foq. 
at sawentunt ot) .bobtemmoasy-ad ft hw eolt eta mad n on b 
beffatab 6 to notssinmmot oft wollte igs ep inn 
anonwupsenne Ont eteuiave 7 easoorg 6 ban m6 teed 3 =n 
* bos Fraime ad. Ph Rw satin aby "ho mort ian ss 


hey bi NS 
ai ca if fale 


et irohid wrrat-toote ovt? pattetl istouen mirage ne w 28 

novi trod att To onttest found add of besneeete 2aw er ran fascrat 
2tNT iat oA ap'osd ofdaryortoH ONE Yr Ties. a me oh pBNTS 
oo ltute vadiaut Yo Touborg od o%8 2nattebnedn ist, IRS 
hae? Serpmmraver - [atnenttsqeb-igiak Ne cy ab mare 


taboos? b+ 608 eens) aq? to Aonetd gong fae sioner 


, ‘ 


wotem offs prbeenbbs to mts oft adtw eatbult asens aioe 196 
~ wo tedt aetrto att Fo eis oW \2bepn yataotaG bas mae ie ‘ 
tromepanent. Yatew paleseyq oF ‘moHulor shiver FE 0 
of Tattworedw edd ebtvery ~edgwit (i tw. bas ebsoot Jxon @ 
ytuids sxen afd oftnad oF rseesoon pntanatq evienenerdees 
butzepmem seortd aor? aatylvorig at eftvtde tetinsdaduy vedior ah 
of {1lw .2ohaneps 2ughiav vd betioqgu2 bas 2ttoqget 
rate rt the goueet qtetveo .noistbhs a] nme tS tee 
avoiut ‘wo? save bled waad svat ehioqey teaq yd % 
ogy beged ,2t th an) 2had set aatperess on stam oi. 
aoteixelgmoy ott Yo The bear Jon evan a0 HSNLE | 
eetiute Yo shutttfum edd aptgesd .madaye ott of deevetinh govite 
ntuad ott of trommpsnam ~atew Yo etoegas enotay prtmisonos su0: 
2 avortt todF eotzufonoa gfdadasesnt ott Attw ttel 916 sw. 21sey S26 
Aten att to tia aviozes ylrsels af ateb Jnaveloy snerott wed «ian | 
oven od oF bebrad avad 2elbude tanq 10% eoneate to core? oft 
yotsw petiyganeo anotiothernw’ babtvib bas enotiaridse 
Teton hyad Yat migones bas zesnevews atiduq ,nohs thts mt 
totw oriteoh ot ypofonitoss mf? bas xfineaer, La ciaa yftse 


i al 


ay 


be ti ld * 


4 we pviay ty “hea 
d a" A 
oy fi a < a 


a 


many of the complex problems is still in its infancy. When several 
hundred million dollars of possible expenditures are at stake for 

water management, as they are for the Grand River watershed, it is 

obvious that a detailed understanding of the system is essential. 

We have, therefore, suggested a list of rather costly future studies 
required over the next three to four years, in addition to our recommen- 
dations on specific capital works and more general matters. Although 
these studies would likely cost in the neighbourhood of $2 million, 

they have been justified in our report based upon the risk of mis-spending 
vastly larger sums without them. 


In terms of water quality and pollution considerations, we have made 
only limited recommendations for specific works, principally the 
reservoirs above Guelph on the Speed River and above Elmira on the 
Canagagigue Creek to deal with critical quality problems. In addition, 
we have reviewed plans for waste treatment at various points in the 
watershed and those situations which we felt were seriously lacking. 
Our main efforts have been devoted to identifying gaps in required 
information and in developing methods of analysis to allow knowledgeable 
and determined steps to improve water quality. In addition, we have 
made recommendations which should improve facility operations and 
coordination among the various agencies involved. 


Our analyses concerning water supply have been principally for the 
municipalities of Guelph, Hespeler, Preston, Galt, Waterloo, Kitchener, 
Brantford and those in the lower end of the watershed, although water 
Supply sources for all communities have been reviewed. We have concluded 
that all communities other than those specifically mentioned, should 
continue indefinitely on their present sources of supply, or in a few 
cases might tie into one of the supply options designed for the population 
centres mentioned. We feel that there is adequate developable groundwater 
in the Guelph vicinity to make unnecessary any other source of supply 

for the next thirty years at least. We have, for this report, assumed 
that such additional supply would likely be developed north of Guelph 
along the Eramosa River, and that the Everton Reservoir would then be 
utilized partly to restore baseflows if severe stream interference takes 
place. If further studies on groundwater in the Guelph area indicate 
that our assumptions in this report are invalidated, then other alternative 
reservoirs could be re-examined before finally committing to the Everton 
site. Detailed evaluations of a large number of feasible water supply 
options for the five municipalities of Hespeler, Preston, Galt, Waterloo 
and Kitchener (referred to as the "Megalopolis" in the report) indicate 

to us that a shared and inter-connected system would be most efficient. 
On an economic basis, our deliberations show that utilizing internal 
sources based upon groundwater with the Ayr Reservoir used to recharge 
groundwater aquifers could be much less costly than systems based upon 

a Great Lakes pipeline. However, all aspects of the analysis could not be 
completed in the time allotted to produce this report, and certain key 
information is not available, so that we have not made a firm recommendation 
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concerning the Ayr Reservoir. The main information required relates 

to the cost and feasibility of groundwater recharge schemes and further 
study has been recommended to resolve these questions. We are of the 
opinion that with better management of existing wells and the develop- 

ment of known aquifers, there will be sufficient supply for the Megalopolis 
for about the next ten years. We have made recommendations on the 
additional studies which would be required to resolve the issue in 
sufficient time to avoid future water supply problems. 


The best long term source of supply for Brantford depends very much 
upon what system eventually becomes adopted for the Megalopolis. If 
the system outlined above is proven out by future studies, then from 
an economic point of view, Brantford would be best to continue indefinitely 
obtaining supply from the river. There is a question of possible risk 
of utilizing the river for a source of supply at Brantford, but the 
extent to which this exists and can be balanced against cost savings 
has not been resolved in this report. If the Nanticoke-Lake Erie 
system should for any reason be extended to the Megalopolis, it would 
nate economic sense for Brantford to join the scheme whenever it is 

Chi ae 


Flood control dams have been recommended in this report to the extent 
that they are justified on a benefit-cost basis and as part of the 
overall water management system. The Guelph Dam will provide very large 
benefits to all downstream communities in the basin. There are good 
indications that dams at Hespeler and Everton or Arkel could be 
justified on flood control grounds, but we feel that further study should 
be carried out before confirming such decisions. Although present 
information indicates that the Ayr Dam is not justified on flood control 
grounds alone, substantial flood control benefits to Paris, Brantford 
and downstream communities would be realized if it is built as part of 
a water supply system for the Megalopolis. 


Works which we have concluded should be deferred for the next few years, 
until additional studies are complete, include the proposed water supply 
pipelines from the Great Lakes to Brantford and upstream communities; 

and the West Montrose, Everton, Hespeler and Ayr Dams, although we have 
recommended the purchase of land for the latter three reservoirs. The 
reasoning behind the conclusions reached can be found discussed in 

detail in the text of the report. It is essential to look behind the 
factor of location of the recommended Guelph Reservoir in order to see 

its impact on the basin and why we have assigned to it first priority. 
Thus, the flood control benefits of the Guelph Reservoir exceed those 

of any other reservoirs, even though some of the latter have much greater 
storage capacity. The key to this seemingly anomalous result is that 
location of a flood control structure can be more important than capacity, 
and the sites of Everton and Guelph turn out to be very strategic in 

terms of flood hydrology. Our calculations indicate that Guelph, Hespeler, 
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Preston, Galt, Paris and Brantford will all obtain greater flood 
control benefits for the capital expended under our recommendations 
than would be the case if the previous priorities of the Five Dam 
Proposal were followed. A major reason for the omission of the West 
Montrose Reservoir from our recommendations is that the low flow 
augmentation benefits which we have been able to assess are much less 
than previously assigned by Clough (1966). This is largely since 
Clough traded off secondary waste treatment against low flow augmentation 
resulting in substantial assumed benefits. This, in our view, is not 
a reasonable approach to follow. It is perhaps acceptable to consider 
a tradeoff of flow augmentation against advanced treatment, but when 
so doing, we have not found substantial flow augmentation benefits 


using currently available information. 


It is important to stress again that the importance of reservoirs to 

the various communities in the watershed should not be looked at in 

terms of their actual physical location, but rather in terms of their 
influence on the basin as a whole and the improvements in flexibility 

of planning and operations which they provide. Further, we repeat 

that a number of important issues remain to be resolved, and that a 
coordinated follow up to the present report, including the future studies 
described, is an essential next step. 


As a first prtortty we recommend the constructton of a dam on the Speed 
River upstream of Guelph and that engineering and construction should 
proceed as soon as posstble. The reservotr should be designed and operated 
for the primary purpose of low flow augmentatton and operational systems 
should be developed to provide satisfactory stream quality tn the Speed 
River below the Guelph waste treatment plant. The other matn purposes 

of the reservotr should be for flood control and recreation. 


CLP CE A RED RECOMMENDATION NO. 1 


We recommend that the OWRC investigate further steps that might be taken 
to reduce the loading on the Speed River from the Guelph waste treatment 
plant. 


Lulaietdtesivle-¢ RECOMMENDATION NO. 2 
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We recommend that programs now betng undertaken by staff of the 

OWRC should proceed as fast as posstble to allow the input of industrial 
waste tnto the Elmtra waste treatment plant without adversely affecting 
the treatment process. At the same time, we feel that the tndustry 

ts responstble for the consequences of tts wastes and should coneurrently 
search out ways of improving them. 


ai wilaratelsi « Wie RECOMMENDATION NO. 3% 


We recommend that the Woolwich Dam on the Canagagigue Creek above 
Elmira should be proceeded with immediately and tts primary purpose 
should be for low flow augmentatton. 


Riisia bay eh etatare RECOMMENDATION WO. 4% 


We recommend that a study be undertaken tmmediately to develop an 
optimal operating system for the storage factlitties at Conestogo and 
Belwood Lakes wtth respect to low flow augmentation. Furthermore, as 
new dams are constructed, they should be included tn a revised operating 
procedure for low flow augmentatton designed with the whole downstream 
river system tn mind. 


ea sales aeons . RECOMMENDATION NO. 5* 


We recommend that water qualtty standards and further planntng evaluations 
related to river quality and effluent loading guidelines should employ 

a computer stmulatton; to take account of the probabilistte nature of 
the processes and to tncorporate mathematical strean flow models to 
descrtbe the signtficant water qualtty characteristics, such as dissolved 
oxygen, in the stream. In additton, we recommend that further field work 
on rtver quality characteristics adequate to allow for the evaluatton of 
planning alternatives and the calibration of stream models be carrted out. 
Such studies would inelude, among other things, a quantitative study of 
biomass and its major determining factors, rates of photosynthests and 
resptration, benthal depostts, re-aeration rates, the sources and rates 
of assimilation of B.O.D. and the hydraulte characteristics of the river. 
Furthermore, such data should be collected so as to represent the 
probabilistic behavtor of pollutton sources and stream response. 


Sielar el ele mca #8 RECOMMENDATION NO. 6 
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We recommend that the OWRC should identify those potential sources 

of pollution not under tts control at present. Followtng this, tt 
should search out new opportunittes to set standards and approve 
destgns for munictpalittes and commerctal enterprises on the design, 
tnstallation and operatton of equtpment, storage factlities or ptping 
whitch carry polluting materials that could enter surface or groundwater. 
Furthermore, proviston should be made for regular inspection of such 
factltttes by the OWRC and for remedial acttons to be enforced even tf 
stream pollutton has not yet occurred. 


pyesaidovar leas als RECOMMENDATION NO. 7 


We recommend that communittes on the Speed and Eramosa Rivers above 
Guelph, above Waterloo on the Grand River, above Ayr on the With Rtver, 
and on other trtbutartes, should restrict thetr growth to the greatest 
posstble degree, and in general, that the communities in the Grand 
River Basin should exercise moderatton in planned growth and should 
aecept the responstbiltty for ensuring that environmental problems do 
not develop from future tnereases tn populatton or tndustry. 


Richter eet RECOMMENDATION NO. 8 


We recommend a coordinated program by provinetal government departments 
to stimulate a renewed emphasts on grass roots conservation practices 
through improved regulations, conservation education, ftscal incentives 
and research, so as to minimize the adverse effects of land and ltvestock 
management on the water quality and quantity in the Grand River Basin. 


hota Selatetete eX RECOMMENDATION NO. 9 


We recommend that a three-man technical operations coordinating committee 
be set up with representation from the OWRC, the GRCA and the Conservatton 
Authorities Branch. This committee should be responstble for ensuring 

a closer exchange of plans and information among the three agenctes 
through regular meetings. 


ene .. «++ RECOMMENDATION NO. 10 
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We recommend that all tmpoundments on the Grand River and its 
trtbutartes having the factltty for controlling stream flows and 

whteh are constdered by the OWRC or the Conservatton Authorities 
Branch to be of consequence tn terms of stream qualtty or quantity 
considerations, should be required to file a plan of operations with 
the Grand River Conservatton Authortty. Any planned deviations should 
be subject to prior approval of the technical operations coordinating 
committee (see recommendatton 10). 


avareie sats Siete RECOMMENDATION NO. 11 


We recommend that the OWRC and the GRCA jointly tnvesttgate the 
potential tmprovement to the qualtty of the Speed River, of modtfted 
operattons for small dams located between the stte of the new Guelph 
Dam and the confluence wtth the Grand River during low flow periods 
tn the summer. Further, tf the improvements are stgntficant, the 
GRCA should determine what measures could be taken to operate these 
reservotrs conststent with the results indicated. 


Sheed) acpisiate RECOMMENDATION NO. 12 


We recommend that the OWRC tntttate an tnvesttgatton of the sanitary, 
storm and combined sewers of muntctpaltttes in the Grand River Bastin 
with a view to establishing the extent and consequences of storm runoff 
on stream qualtty and aquatte life; and further to suggest the 
alternatives and thetr costs to allevtate the problems found. The 
tnformatton should be collected so as to be useable tn the computer 
simulation (see recommendation 6). 


pickers tei . RECOMMENDATION NO. 18 


We recommend that a fteld pilot program tnto land disposal of treated 
sewage effluents should be carrted out in the Grand River Basin by the 
OWRC to establish feastbtlity wtth respect to the effects on stream 
quality, groundwater, stream flows and the quanttttes which could be 
dtsposed of and the related costs as compared to at-plant advanced 
treatment. 


Air er rireere RECOMMENDATION NO. 14 
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We recommend that the Conservation Authorittes Branch develop a 
hydrologte simulation to allow the prediction of the consequences 

of real or assumed flood events under different flood routing polictes. 
We further recommend the development of a mathematical optimizing 
model to select flood routing polictes so as to ensure maximum 
benefits from existing reservotrs constdering thetr multt-purpose 
nature. 


a deseeretexerurate RECOMMENDATION NO. 165 


We recommend that land for the proposed Hespeler Reservoir on the 
Speed River should be purchased as tt becomes available, but that the 
dam should not be constructed nor detailed destgn carried out, until 
tts valtdity as part of the overall water management plan ts conftrmed. 


erste es RECOMMENDATION NO. 16 


We recommend that all new water supply developed for the muntctpaltttes 
of Kitchener, Waterloo, Hespeler, Preston and Galt (hereafter called 
the Megalopoltis) should be based upon an tntegrated plan for potable 
water for the whole area rather than for any one munictpality. 


‘shomerres RECOMMENDATION NO. 17 


We recommend that Brantford should temporartly continue its water supply 
from the Grand River, pendtng an ulttmate deetston on the long-term 
supply source for the Megalopolts. If the Megalopolts obtatns tts 
Long-term supply from the Nanttcoke-Lake Erie system, then Brantford 
should also obtain their water from thts source. If the Megalopolis 
does not obtain thetr supply from the Nanttcoke-Lake Erte system, the 
least costly alternative for Brantford would be to continue obtaining 
supply from the Grand River. 


Oe ee RECOMMENDATION NO. 18 
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We recommend that Guelph should obtain its long-term water supply 
from groundwater sources, wtth careful planning of well development 
so as to prevent reduction in base flows of streams. 


bias « bieiapiue hi RECOMMENDATION NO. 19 


We recommend that land for the proposed Everton Reservotr, on the 
Eramosa River, should be purchased as it becomes available, but that 
the dam should not be constructed until further evaluations related 

to flood control and groundwater are completed. We further recommend 
that tf the Everton Dam ts constructed, an ecologtecal study should 

be carrted out to minimtze any posstble adverse effects on the Eramosa 
River. 


jridaxsys «site RECOMMENDATION NO. 20 


We recommend that a detailed field study be carried out, starting 
within the next year, to establish groundwater avatlabiltty and quality, 
arttfictal recharge rates, strean flow tnterference effects and 
development costs for recharge schemes and new well fields in the 
Megalopolts and Guelph areas. Asa first step, analysis should be 
undertaken to determine the opttmal groundwater management program and 
yteld for existing well ftelds. Concurrently, suffictent field work 
should be done to establtsh reconnatssance esttmates for recharge 
schemes and subsequently for drilling schemes. The program should be 
set up with suffictent flextbiltty that tt may be terminated without 
major expenditure of funds tf results are not promtsing. 


settee ete sl RECOMMENDATION NO. 21 


We recommend that the munictpalittes of the Megalopolis should conttnue 
to utiltze groundwater for thetr supply at least unttl the period 

when a revtew of the results of the groundwater study (recommendatton 21) 
ts completed. Subsequently, a further evaluation of long-term water 
supply options for the Megalopolis should be carried out with particular 
emphasts on systems based on the Ayr Reservotr and a Lake Erte ptpeline 
as alternatives. This further evaluation should tneorporate the economte, 
soctal and water management tmplicattons of the vartous schemes. 


ueitnecece teke yep RECOMMENDATION NO. 22 
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We recommend that land for the proposed Ayr Reservotr, on the Nith 
River, should be purchased as tt becomes avatlable, but that the dam 
should not be constructed nor detatled destgn carrted out, until 

the results of further studtes and evaluations (see recommendations 
21 and 22) confirm it as part of the long-term water supply system 
for the Megalopolis. 


ats aia steko oMate RECOMMENDATION NO. 23 


We recommend that a multi-disctplinary planntng team, wtthin govern- 
ment, should coordinate the continutng development of a comprehensive 
water management plan for the Grand River Bastn and tn parttcular, 
should carry out or coordinate the carrytng out of the vartous studtes 
outlined tn the recommendations. Staff asstgned to the planning team 
should be relteved of sufficient other duttes to make thetr contribution 
reflect the tmportance of the asstgnment. 


Siciaeteme selene RECOMMENDATION NO. 24 


x 

Recommendattons 1 to 5 are, with sltght changes of wording, the same 
as presented in our interim report of February 19, 1971, presented to 
the Annual Meeting of the GRCA at Galt on February 26, 1971. 
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THE GRAND RIVER BASIN 


The Grand River Basin (see figure 1) is defined by an area of 2,600 
Square miles stretching from Port Maitland on Lake Erie, to the head 
waters close to Georgian Bay. The Grand, and its major tributary 
rivers the Nith, Speed and Conestogo, flow through one of the most 
important socio-economic regions in Ontario, containing the major 
population centres of Kitchener, Waterloo, Guelph, Galt and Brantford 
as well as many other towns and villages and important agricultural 
areas. The population of the watershed is approximately 500,000 with 
a growth rate over the past 10 years of 2-3% annually. The river 
system is very important to the people of the basin, providing water 
for municipal, industrial and agricultural uses, recreation and a 
vehicle for the conveyance of wastes. It also poses a serious hazard 
to significant portions of the population from time to time due to 
severe flooding. 


Water management planning for the Grand River Basin involves a large 
number of conflicting factors. The major considerations of water supply, 
water quality, flood control, recreation and preservation of the 
environment all conflict, in the sense that the achievement of one 
effectively influences the degree to which the others can be achieved. 
Other conflicts of a spatial nature arise due to actions at one location 
in the basin causing consequences at other locations. For example, 
downstream communities are directly affected by the amount of pollution 
released to the river by their upstream neighbours and the degree to 
which they treat it. This conflict is further highlighted by the 
observation that the quantity of groundwater taken by the upstream communities, 
resulting in stream flow interference, and their rate of growth will 

make the pollution problem even more acute for the downstream neighbours. 


Many more examples of this type of "system interaction" could be 
discussed, however, this has probably been adequate to communicate the 
complexity of the system. There are, of course, also conflicts due to 
divided jurisdiction among various agencies, and a gigantic number of 
possible planning components to achieve the ends desired. Such planning 
components include dams, diversions, pipelines, tertiary treatment, 

land disposal and so on and on. 


In this study, we have taken only the required first steps so as to 
resolve the most pressing problems and also those for which clear choices 
could be made based upon available information. A discussion of further 
planning which will be required may be found later in the report under 
"Comprehensive Basin Planning". 


- |] - 


1B ( ; ewer sf 
ra : , i+ Ae a Tepes. “ty ' 
7 f er a y 
ty bantstet 3104 mort, One 
P«z 7 ‘ * iy ‘ 
’ tnd « : a Licht, - 4, a Jan 
‘ Ta 0 % - ~ » A 
ye ial ; |". Ain. Oy = (eee Vane 
pi ? | 
th > ‘ : 


woven oT WP feumits RES ' 
satew patbbverd ¢atzed aly ‘ap9q BAT rAd OG 9. 
‘pf bas nofteavooy aq TeWwTivOt DBPNTRUBIY (¢ T BQTITNES 
hisxot sdotyse 6 eseog-o2ls TT RODEO TO SiH; non wil? lot SD 
od gub ats. og amks mort dotgetugod fF to” hil | 


at 
‘ 


ie 
\y 


\ 


spref e rovlavat otaed yevir bnevd ody 40¥ prt 
Jwfoque otsw to andhisrsht2nod sorem eat iy ee chin 
gig to notteviseang bane notiseiey « if Tteup. 9: 
the thannort 


bovetdos ad ner erodia odd dotdw of p0'spen etd essasul tt wh vitoe 


aa Ls : 
yt} tae 


aft vd badtettdord waddnut 2b dort tos etdt dt " 
_eottteomes moaygaqy edly yd nods? verswonwOry to vitinee 

“thtw dtworp to efe1 hard. bite ,eonsetradmt volt mogrse. nt eoterees 
-anuodipten me nt2qwob sit VO? S296 S1OM HavS nafderg notinf fog ae 


¥ 

® 
Ord 
. p 
4 


a 
‘ 
: ar ore 


uel 


| of ge! Ee 
ad bfuos “nottosida? weteve” to aq? etd? to eatqnsxe aiom Xr 
«beanune th: 
o¢ sub atot{tnas ozs .aewda Fo -9%6s SiatT .meteye ong, Ni bas femoo 
ro vedmun. otfmaghe, « baw ,zetaneps evolysy proms nolo merwt babi thf 
ontunsia fav2 .bevkesb gbne add ovetiios oF 2ingnoqmas BAT faq oldtzzog 77 


inewtoard yistives ,eentfegtq: ,aenotersy rt .emsh abuioml etnanegnos ff 
| ate 40. bore 10 02 BOE fazoq2'b.-bnsl: ee 


“ 


| are oes, 
of 26 Ge agate Te4t? Hribhin o afi} yloo faded Svan BW NDUI2 atid al os 
agstoiis seal) dotdw yw? aeons o2ts brs emoldorg pntzesig I2ow ors avigast) y. 
“ong? to eobeeusetb A. .notinniotnt afdeltave nou beesd sham od bios’ ta 
vabay tuegay add at tetel brave? od yon bavtupe’s ad Thtw fo titw pirtnnéiqy' : 
: “ontona ls atesd avtanstemgnad” 7 \ 

ry ¢ 


i } 
' ” 
& ; | Hi =< ot 
‘ ir aR. nn 
ed tf Lad FPN : aay : 
4 7 rt) en Aad 
t t é ; ahs oy) eae 7 


WATER QUALITY IN THE GRAND RIVER SYSTEM 


The problem of improving the quality of the Grand River and its 
tributaries has been recognized for some time. The Grand River 
Conservation Report (1962) ranked stream flow augmentation as equal 

in importance to flood control, and this has been repeated and 

stressed in subsequent reports by consultants. The Ontario Water 
Resources Commission carried out biological surveys in 1966 on the 
Grand River and its tributaries and in 1965 and 1970 on the Speed 
River. These showed that the Canagagigue Creek was "extremely polluted 
by toxic industrial wastes and organic matter" while the Speed River 
showed "gross organic contamination below Guelph and Hespeler". More 
moderate impairment of water quality was found in the Alder Creek, local 
points on the Grand River below Dundalk and Fergus and in the entire 
river between Bridgeport and Brantford. From Brantford to Caledonia 
and below Dunnville there was also found to be considerable evidence 

of pollution. 


In addition to heavy organic pollution, high enrichment of the water 
by nutrients such as phosphorus and nitrogen was observed, starting at 
Bridgeport on the Grand River and at Guelph on the Speed River. These 
were accompanied by "a luxuriant growth of filamentous green algae" 
except for the stretches of deep water below Brantford where physical 
characteristics of the stream were unsuitable for this type of algae 
to attach. High coliform counts have been observed from time to time 
below the sewage treatment plants, causing some concern about the 
safety of these areas for water contact sports. 


Since the 1965 and 1966 reports, there have been only moderate changes 

in the status of the waste treatment facilities in the watershed at 

the major centres. Guelph, whose secondary treatment plant was close 

to capacity, has now enlarged this and has included into the treatment 
some of the sources of industrial wastes previously separate. A major 
industrial source of pollution has moved from Brantford and the 

industrial input to the Elmira sewage treatment plant is now better 
controlled to produce less frequent upsets of the municipal treatment 
process. Hespeler, which had negligible treatment, still has not 
completed its planned activated sludge plant. Dunnville, which previously 
released untreated wastes into Sunfish Creek now has completed its 

waste treatment facilities. Results from the routine monitoring program 
carried out by the OWRC at various points on the river system show the 
coliform counts (sampled during 1970) as being high on occasion at a 
number of points, in particular Hespeler, Elmira, Port Maitland and 
Dunnville. The 1970 Biological Survey of the Speed River has shown 

very little in the way of improvement for that river over the 1965 report. 
In January 1971, the OWRC issued an interim report on Wastewater Loading 
Guidelines for the Grand River Basin. This again confirmed the problems 
discussed, plus other localized actual and potential polluted areas in 
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the Conestogo and Nith systems. Improved treatment at some of 

these points is underway or proposed and along with changes in the 
seasonal discharges to the stream, should eliminate most of the problems 
on the Conestogo and Nith Rivers. Some local problems are likely to 
continue on tributary streams such as the Baden, Alder and Wellesley 
Creeks even with these proposed actions. These problems would take 

on increased importance with the presence of the Ayr Reservoir as a 
water supply source. 


In terms of low flow augmentation, the capacity has been constant 

since 1959 when the Conestogo reservoir was completed and is only 
significant on the Grand and Conestogo Rivers. Lack of flow augmentation 
is considered to be a serious problem on the Speed River and Canagagigue 
Creek, due to the high waste loading imposed on these watercourses and 
the very low base flows during drought conditions. 


To summarize the state of quality: serious problems have existed and 
continue to exist in several areas of the Grand River basin and will 
become aggravated as population increases. It seems clear that if the 
river is to be markedly improved in quality, the causes leading to the 
present situation must be carefully diagnosed and solutions beyond those 
presently in effect considered. 


Pollution and Uses of the River: 


When considering pollution in the Grand River system, we have used the 
term in this report in the sense of: ‘those substances which either 

are deleterious to desirable uses of the river or which are present in 
significantly higher amounts than for the natural or pristine state of 
the river". It is a somewhat academic exercise to concern ourselves with 
attempting to return the river to its pristine quality. It is a fact 
that over the past century large population concentrations have come 

into being, as well as extensive agriculture and a significantly changed 
physiography. We will certainly have to accept that some price will be 
paid in terms of the purity of the river because of these changes. The 
Significant question is: how much degradation in quality is too much? 
One way to interpret this is in terms of the uses of the river, defined 
in the broadest sense. In the Guidelines and Criteria for Water Quality 
Management in Ontario (OWRC 1970) the uses have been broken down into five 
categories for convenience: 


1) Agriculture 
2) Aquatic Life and Wildlife 
3) Industrial Water Supplies 
4) Public Water Supplies 
5) Aesthetics and Recreation 
to this can be added a very common sixth use, namely 
6) Assimilation of Wastes. 
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The OWRC have listed criteria necessary to protect the first five 

years in the above mentioned report in considerable detail. We have 
not attempted to deal with all of the measures of possible pollution 
mentioned since we considered it to be beyond the scope of the present 
report. We have instead selected those measures which relate most 
particularly to the difficulties mentioned in the review of the present 
state of the river. 


The major problems which we see in terms of achieving these uses are 

due to the high organic and nutrient enrichment entering the rivers 

from the rapidly growing population centres. The major consequences 

are on the satisfactory use of the streams for recreational pursuits 

and as an aesthetic source of relaxation and visual enjoyment. Although 
the major municipalities all have secondary treatment plants installed, 
visual obersvation of the river below these points indicates turbidity 
and excessive algae growths of an unappealing nature. The extensive 
algae has a further undesirable attribute in that night time respiration 
causes dissolved oxygen levels to drop to very low values, giving 
conditions where desirable fish species are unable to survive. As an 
example of this, night time D.0O. levels were tabulated in the Speed 
River (OWRC 1970) down to 1 mg/1. Desirable warm water species are not 
able to survive under such conditions, and this is indicated by the 
biological samples carried out during the same investigation. Suspended 
solids are not a particular problem under optimal operations of the 
treatment plants, but under upset conditions, deposition of solids may 
take place in quiescent reaches of the river. This is augmented by 

the deposition of slit from storm runoff and by the end products of 
decaying algae. The result is again an unappealing appearance and a 
further oxygen demand due to the benthal deposits. Toxics and pathogenic 
bacteria are of concern on a more occasional basis. Examination of 
routine monitoring results shows high coliform values occuring from 

time to time at various points in the watershed, and toxic spills have 
been documented. Both of these effects should be handled by tight 
quality control measures. 


We have prepared as part of this study, a water use inventory for the 
entire basin. Agricultural uses include irrigation on several tributary 
streams which under drought conditions, can cause serious depletion of 
stream flows in Horner, McKenzie, Mount Pleasant, and Fairchild Creeks 
and the Nith River above Ayr. There is also summertime watering of 
cattle resulting in stream bank erosion and pollution. Most industrial 
water supply is via private wells or the municipal systems with only a 
few exceptions. Domestic supplies are at present all from groundwater 
except for Brantford and Cayuga which take directly from the Grand River, 
and Dunnville which is on a pipeline from Lake Erie. Aquatic life and 
wildlife are intimately tied up with the whole area of aesthetics and 
recreation, which will now be discussed in some detail. 


A review of present use and future potential of the river system for 


ale 


recreational purposes has been carried out. This has been aided by 
information obtained from the GRCA, the OWRC, the Departments of 
Lands and Forests, Energy and Resources Management, Tourism and 
Information, and other available studies. 


Extensive development of river bank recreation facilities has taken 
place and is planned for the future. The Grand River Conservation 
Authority has produced a list of 214 present or proposed sites oriented 
towards and dependent upon an aesthetically pleasant aquatic environment 
(see figure 2). In addition to the organized recreational facilities 
listed, the GRCA is working to create corridors of green belts beside 
the rivers and their tributaries to provide open space for unorganized 
recreational endeavours. We feel that this is a very important part 

of the development of the river system, and should be given a high 
priority in the allocation of funds. In addition to the direct 
recreational benefits, a properly planned green belt can contribute to 
improving water quality in the river. 


Swimming iS common throughout the watershed and boating is popular, 
particularly in the lower reaches of the river and within the reservoir 
lakes, with an estimate of 700 boats being used each summer. A recent 
study (Department of Tourism & Information, 1968) suggests that with 
construction of five small dams and locks, the Grand River between Port 
Maitland and Brantford could potentially attract 5,000 boats each 

Summer, contributing an estimated increase in economic activity to the 

area of $4 million annually. We would caution, however, that before 
serious consideration is given to such a scheme, the water quality and 
ecological implications should be studied thoroughly. Dams can hinder 

the movement of fish species throughout the river system. This may perhaps 
be the reason why Walleye are common below the dam in Brantford but not 
above it. Also, there have been spring and fall runs of Coho salmon and 
Rainbow trout up the lower Grand and these could be adversely affected by 

a series of dams. In terms of fishing, it has been estimated that activity 
is currently at a rate of 200,000 angler days per year throughout the basin, 
and could be much higher as population increases and if river quality 
improved, bringing with it improved species of fish. The encroachment 

of man's developments has tended to reduce the availability of good 
quality sports fish as poor land use practices have changed the quality of 
the streams. This has been due to decreased cover, increased temperatures 
and turbidity and reduced flows and oxygen concentrations. The result 

has been that the number of streams capable of supporting trout is now 
drastically reduced. It is possible that many of these streams can be 
rehabilitated to again produce an environment suitable for the production 
of trout. However, this can only occur after a long and intensive program 
based on comprehensive long-range land use planning, which employs an 
ecological approach as its basis. For this to be achievable, municipalities, 
industry, developers and the farming community must plan their activities 
with reference to their consequences upon the river system (see recommen- 
dations 8 and 9). 
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FIG.2 
GRAND RIVER BASIN 
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At the present time, impoundments on the river system provide good 
fishing potential. Generally speaking, stocking is done annually 

Since a self-maintaining fishery has not been successfully achieved 

at the major reservoirs. However, good results have been achieved 

with the stocking program, and for example at Belwood and Conestogo 
Reservoirs, one thousand 8 inch Rainbow trout entered into the reservoir 
in the past year "showed good growth at Conestogo and tremendous growth 
at Belwood" (GRCA 1970). 


We have taken into account the possibility of quality fisheries at 

the proposed reservoirs in this report and feel that some reservoirs 
should, with proper management, be capable of supporting self-maintaining 
fish populations. 


The river system also provides for other important wildlife and 
recreational opportunities besides those related to fish. Waterfowl 
are maintained in large numbers, particularly at Luther Marsh and there 
are smal] but significant trapping and commercial bait activities 
carried on. 


In terms of actual day use at possible and proposed reservoir sites, we 
feel that no adequate analysis has been carried out to date to permit 
dollar benefits to be assessed. One cursory appraisal was carried out 

by Clough (1966) which indicated day use and benefits as in the following 
table: 


Reservoir Present Worth of Benefits 
Guelph $575 ,000 
Hespeler 300 ,000 
Everton 300,000 
West Montrose 300,000 
Ayr 300,000 


The present usage of major conservation areas in the basin are shown 

in figure 3, taken from the 1970 annual report of the GRCA. Given the 

fact that some of these existing areas are not yet completely developed, 
that Lake Erie will become more attractive for recreation if anti-pollution 
measures begin to bear results and that there has been no real supply- 
demand study done for the area, we feel that Clough's figures are of 
doubtful validity for a benefit-cost analysis. However, since his estimates 
of recreation benefits are fairly smal], they will not have a major 

impact on justifying or rejecting any particular dam. 


We would add, however, that our study confirms that the Guelph Reservoir 
would be the most valuable for recreational purposes of those being 
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Suggested. In particular, considering the five dams proposed by the 
GRCA (1966), our conclusions regarding net recreation benefits can be 
summarized as follows: 


West Montrose - We have not recommended construction based on 
our analysis in this report, but if constructed, 
the lake created would be in direct competition 
for use with those at Belwood and Conestogo because 
of their proximity. Also, some of the "river- 
gorge" orientation of the site would be lost to 
hikers and nature lovers and on balance, we are 
not sure that there would be any net recreational 
benefits generated because of the dam. Of course, 
the very fact that extra land would be purchased 
would increase the capacity of the site; this 
suggests the possibility that further land might 
be purchased by the GRCA along the river below Elora 
even if the West Montrose Dam is not constructed. 


Hespeler - We have not recommended construction of the 
Hespeler Dam in this report. We are opposed to 
assigning recreation benefits to a Hespeler Reservoir 
mainly because of its likely un-aesthetic ultimate 
condition. All reservoirs in the basin are subject 
to possible singificant enrichment, however, the 
Hespeler Reservoir would be particularly prone to 
problems because it is located downstream of Guelph. 
We feel that a severe algae problem would rapidly 
manifest itself and the site would be unappealing 
for recreational purposes. A flood retardation dam 
is a possibility in this location. Although no 
water would be stored for long periods behind the 
dam, recreation benefits would be gained from the 
large undeveloped area of land reserved for the 
floodwaters. 


Ayr - Generally speaking, the Ayr Reservoir would be of 
some value as a recreational site, although the 
actual usage would depend on demand for recreation 
of the ultimate population, which has not been 
established. Due to draw-downs for water supply and 
requirements that the water be kept pure, boating 
and especially motor boating would not likely be an 
important use. The major likely use would be for a 
sports fishery since use of the reservoir for domestic 
supply would imply a large winter carry over of 
water, giving a suitable environment for a self- 
maintaining fish population. 
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Everton ~ Everton Reservoir would be in a position of 
competing to some extent with both Guelph and 
Belwood Reservoirs for visitors. Also, it should 
be noted that a reservoir would adversely affect 
a valuable forested and wildlife area, and one of 
the few significant deer habitats in the watershed. 
Its operation would imply flow augmentation in the 
Eramosa River and thus maintenance of a fixed 
reservoir recreational level would be a secondary 
consideration. We thus feel that direct recreational 
benefits of Everton would, on balance, be small. 


Guelph - We have recommended a reservoir on the Speed River 
above Guelph for the principal purpose of low 
flow augmentation, flood control and recreation 
(see recommendation 1). In terms of recreation, 
the reservoir will be particularly desirable because 
of its proximity to the rapidly growing city of 
Guelph. Also, our calculations indicate that even 
with large releases for flow augmentation, the 
characteristics of the reservoir site are such 
that a fairly constant lake level could be maintained 
during the summer recreation period. This aspect 
would be even easier to maintain if the Everton 
Reservoir is also completed. A successful cold 
water fishery should be possible at the site further 
adding to the benefits. Based upon these consider- 
ations, we feel that there is some basis for assigning 
quantitative benefits and would accept Clough's 
figures of $575,000 benefits as a working estimate. 


In summary, we feel that water-based recreation should be an important 
component of any comprehensive basin planning. Also, as we said in our 
interim report, it is our view that quality recreation will follow quality 
water, and the standards for water quality throughout the entire Grand 
River Basin should reflect aesthetics and recreation as an important use. 


Water Quality Standards: 


It is necessary to implement specific standards for water quality in the 
river system, in order that a consistent and reasonable approach to 
planning and quality control may be taken. The simplest approach is to 
document the uses of the river and then to accept the criteria for 
preservation of these uses as enforcement standards. This approach is 
deficient to some degree in that economics and feasibility are ignored. 
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Direct quantification of the benefits of preserving certain river 

uses is probably not meaningful since economic proxies are not 

available for such factors as aesthetics, preservation of species, 

etc. It should be pointed out that some analysts suggest a benefit- 
cost approach to justifying purposes and standards, (e.g. Nemerow 1970) 
however, we have not attempted it. A more satisfactory approach is 

to develop tradeoff curves relating quality measures to the costs of 
achieving them. As an example, it might be accepted that a long term 
objective for dissolved oxygen in the river should relate to the 
requirements of warm and cold water biota such as are suggested in 
"Criteria for Water Quality Management in Ontario" (OWRC 1970). It 

is important to study the implications inherent in adopting such criteria 
as Standards. Dissolved oxygen in the stream is highly dependent upon 
the B.0.D. load, and waste treatment plants do not release to the stream 
a constant quantity and quality of effluent day by day. In reality, 
there is considerable variability in these quantities, as may be seen 

in table 1 where data for 72 days at the Kitchener waste treatment 

plant were analysed. It may be seen that for this sample, effluent 
B.0.D. ranged from daily averages of 4 mg/1 to 55 mg/l. Expressed in 
other terms, the total daily B.0.D. entering the stream ranged from 

380 pounds to 7450 pounds. It is customary to perform calculations on 
acceptable loadings at various points in the river based upon fixed 
effluent quantity and quality. Thus, for instance, if we assume that 

an activated sludge plant gives an average B.0.D. effluent of 15 mg/1 
and we assume the present population of Kitchener, then a B.0.D. loading 
of approximately 2100 pounds would be achieved. Reference to table 1 
indicates that the average loading was exceeded 24% of the time based 

on the 72 point sample. It should thus be clear that basing loading 
guidelines, or the ability to achieve quality standards, on average 
conditions is very misleading. Compounding the problem is the fact 

that B.0.D. in the stream may vary randomly due to several other effects, 
Viz 


~ variations in streamflow, 

- loading from storm sewers during rainstorms, 

- overflows from combined sewers, 

- changes in background B.0.D. levels due to rural runoff, decaying 
vegetation or scouring of benthal deposits during high flows, 

- illegal or accidental spills of pollutants. 


In taking a further step to translate the B.0.D. into its effects on 

D.O. in the stream, we find that other influences may be equally 

important on oxygen levels. Thus, for example, at the present time, the 
presence of large amounts of algae and aquatic plants raises and lowers 

D.0. through photosynthesis and respiration. Even after the proposed 
phosphorus removal program is underway, this may be a significant influence. 
As a further example, criteria for protecting fish are based upon 

"minimum 7-day average low flows equalled or exceeded 95% of the time" 

(OWRC 1971). As pointed out above, a number of factors influence the B.0.D. 
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TABLE 1 


Summary of Daily Effluent B.0.D. For 72 Days From Kitchener Waste Treatment 
Plant During 1965 To 1971 


FLOW (MGD) MG/L POUNDS/DAY FLOW (MGD) MG/L POUNDS/ DAY 
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and consequently the D.0. on a continuous basis, and of course 

the fish are responsive to short-term oxygen supplies, not the 
average for a 7 day period. It would appear that a standard for 
D.0. should be based upon some fraction of a day rather than for a 
7 day period if it is to be of use to the fish. 


All of these effects on loading must be taken into account concurrently 
when estimating guidelines for discharges to the watercourses other- 
wise we shall think that the standards are being met when they are 

not. This type of argument has long been recognized by biologists 

who employ monitoring of biota rather than chemical parameters as 
indicators of intermittent extreme pollution. This is not meant to 
imply that measurement of chemical parameters is not essential, 

but only that insufficiently frequent sampling can result in variations 
in quality levels being undetected. If it were found to be important 
to provide continuous monitoring of chemical parameters, it could be 
done although at greatly increased costs over the present. 


All of the factors discussed above exhibit a random behavior in that 
their timing and magnitude cannot be predicted. Furthermore, the 

various factors all interact in a way which is difficult to predict. 
Thus, for example, a high effluent concentration of B.0.D. from a 

sewage plant may occur at the same time as a high stream flow and 

low sewage flow and this may be of little consequence. However, if 

the stream flow were low and the sewage flow high, the same concentration 
of effluent B.0.D. could depress oxygen levels in the stream seriously. 


In order to analyse stream quality so as to take account of this 

complex of interacting, variable elements, we have designed a computer 
simulation. A simulation is a representation, on an electronic computer, 
of the real world. If all of the important factors influencing events 

in the real world can be built into the structure of the simulation, 

the representation will be very accurate. If important factors are . 
left out, or represented badly, the results of the simulation will not 

be valid. Due to limitations of time and data availability, we have 
only developed a preliminary simulation to analyse stream quality in 

the Grand River Basin. It includes variability of stream flows, treatment 
plant qualities and quantities. It also is structured to include 
dissolved oxygen models, incorporating the effects of benthal demand 

in the stream, photosynthesis and respiration from algae. However, 

for these latter we presently cannot directly estimate the effects due 

to a lack of information about the biomass at various points in the 
river, its composition and seasonal growth patterns and the photosynthesis 
and respiration rates involved. We feel that base data on these factors 
should be obtained so as to allow, as an example, the evaluation of 

the effects of phosphorus removal programs and also to allow their 
inclusion in the simulation analysis. We have not had time to include 
effects of storm flows in our simulation to meet the deadlines of this 
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report but feel that it should be included. To do this would 
involve assessing the degree of bypass from the sanitary sewers 
under different rainstorms plus the amount and quality of storm run- 
offs. Actual field work would be preferable but in the interim, 
comparisons to other cities could perhaps suffice. 


A more detailed discussion of the simulation model may be found in 

the appendix. As discussed later in the report, considerable improvements 
are required in the simulation and a good deal of data must be 

collected before it can be used as a planning tool. 


We recommend that water quality standards and further planning 
evaluations related to river quality and effluent loading 
guidelines should employ a computer stmulatton to take account 

of the probabiltsttc nature of the processes and to incorporate 
mathemattcal stream flow models to describe the significant water 
qualtty characteristics, such as dissolved oxygen, tn the stream. 
In addition, we recommend that further fteld work on river qualtty 
characteristics adequate to allow for the evaluation of planning 
alternatives and the caltbratton of stream models, be carried 

out. Such studies would tnelude, among other things, a quantitative 
examinatton of btomass and tts major determining factors, rates 
of photosynthests and resptratiton, benthal demand, re-aeration 
rates, the sources and rates of asstmtlatton of B.O.D. and the 
hydraulte characteristics of the river. Furthermore, such data 
should be collected so as to represent the probabiltstiec 
behavtour of pollution sources and stream response. 


syace peelatare ace RECOMMENDATION NO. 6 


Computer simulations and mathematical models are currently being 

developed in various parts of the world to analyse river quality problems. 
An example is described for the River Trent in the United Kingdom (New 
Scientist 1971) where a computer model has been developed to examine 

the river in terms of a series of installations (sewage works, water 
treatment plants, power stations, industrial effluent plants, abstractions, 
weirs, stream confluences) linked together spatially by 16 water quality 
parameters. The model shows the costs and effects of various planning 
alternatives and changes in pollution sources on river quality. Another 
example of a simulation approach rather similar to that we have suggested, 
is that prepared for the Saint John River Basin in New Brunswick. It 
should be noted at this point that a simulation will not be a panacea 

since the understanding of water quality response is still far from 
complete. The costs of developing a computer simulation of the type mentioned 
are high, mainly because of the extensive data collection required. 
Preliminary rough estimates of the effort and cost to be expected may 

be found in the appendices. It should be stressed, however, that a good 
deal of the investigations and data collection required to complete the 
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simulation would be needed in any case for a detailed water quality 
investigation. Furthermore, it is almost certain that techniques 

Such as we have recommended will be the standard approaches in the 
future, rather than having a large research flavour as is the case 

at present. Since the Grand River is a complex system, the experience 
gained by Government staff would be beneficial in establishing a 
technical competence which could be applied to other situations. 
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DISCUSSION OF PLANNING OPTIONS FOR WATER QUALITY 


We have, for ease of discussion, broken the alternative approaches 

to achieving water quality objectives into three classes: (1) Elimination 
of Pollution Sources, (2) Improved Stream Management, (3) Improved 

Waste Treatment. Long-term planning options would be formed from 
approaches selected from these three classes. 


(1) Elimination of Pollution Sources 


Domestic, agricultural and industrial wastes cannot, of course, be 
eliminated; however, steps can be taken to minimize or eliminate some 
of the harmful components. Examples illustrating this principle are 

the current reductions in allowable phosphates in detergents and the 
actions being taken to prevent mercury from entering the lakes and 
rivers. Improvements can come about either by persuasion or coercion 
and each appears to have its place. Current legislation allows for 
"after the fact" action to be taken against polluters; however, this 

is of little comfort to the users of a city's water supply system or to 
fish in the stream if they have already been adversely affected by the 
pollutant. One spill of a toxic substance into the stream could have 
very serious effects upon aquatic life for a number of years. It should 
be possible to design virtually fail-safe systems for storage tanks 

or pipes carrying polluting materials so as to make small the chances 

of their entering ground or surface waters. Another serious problem which 
could be alleviated by tighter controls is that due to agricultural 
runoff. This is discussed further at the end of this section of the 
report. 


Although it might be possible to consider various ways in which 
legislation could be changed to stress enforcement of preventive measures, 
it is probably a better policy in the short term to utilize existing 
legislation to its limit and to employ inter-agency cooperation and 
precedents to facilitate the same ends. 


We recommend that the OWRC should tdenttfy those potenttal sources 
of pollutton not under its control at present. Following this, 

tt should search out new opportuntttes to set standards and approve 
designs for muntctpaltttes and commercial enterprises on the destgn, 
tnstallatton and operation of equipment, storage factlittes or 
ptptng whtch carry polluting materials that could enter surface- 
water or groundwater. Furthermore, provision should be made for 
regular tnspectton of such facilities by the OWRC and for remedial 
acttons to be enforced even tf stream pollutton has not yet occurred. 
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It must be recognized, however, that there is no way to eliminate 

all pollutants or prevent them from ever entering the watercourse. 
There will always be accidents beyond any reasonable control. As 
examples, trucks may go off the road, emptying their cargo into the 
river, equipment may fail, people may make mistakes and we must expect 
that occasionally quality criteria will not be met. However, we should 
strive to see that those sources under our control are handled in such 
a way as to make such occurrences rare. 


One method for preventing the entry of waste treatment plant effluents 
into the river is to introduce all wastes into a collector system 

which would convey them to some other point. Thus it would be possible 
to have either an open-channel or sewer collecting the treated wastes 
from Guelph, Waterloo, Kitchener, etc. and carrying these to Lake Erie. 
The reconnaissance estimate of an open-channel system stretching from 
Dunnville to Waterloo and Guelph indicates a cost of approximately $70 
million to service the population forecasts used in this report for 

the year 2001. Problems could occur such as winter freezing of the 
channel, clogging with algae during the summer and possible objections 
due to odours and aesthetic considerations. Some objections could be 
overcome by using a completely enclosed sewage system, but at an estimated 
cost of $200 million. Also, an enclosed system could result in 
deterioration of the effluent over the long distances travelled. Some 
objections may be overly pessimistic, as open channel schemes of the type 
considered have been used successfully for many years in Germany. It is 
reasonable to assume, however, that simply transferring the problem to 
Lake Erie would not be acceptable. Further treatment would be essential 
before the collector system could be emptied into the lake and this 
would increase costs. 


We have reviewed the collector system concept to Lake Erie and have 
concluded that it is not justifiable at least at this time. It would 
appear to be more costly than other alternatives designed to improve river 
quality and there is no quarantee that the algae problem in the river 
would be eliminated. Furthermore, stream flows would be reduced by the 
municipal waste flows which would no longer enter the river and which are 
a significant component of the flow. In fact, low flow at Brantford would 
be reduced in the year 2001 by about 200 cfs. In any event, we feel that 
the problem should be tackled at its source rather than being transferred 
elsewhere and thus, no further consideration has been given to a waste 
collector system to Lake Erie in this report. There could, however, be 
possible economies of scale in using local collector systems in conjunction 
with area tertiary treatment plants or land disposal methods utilizing 
effluents from several municipalities. We feel that this should be 
considered as part of a detailed investigation of alternatives to achieve 
stream quality objectives and will not be analysed in this report. 


A good many future river quality problems are going to be caused simply 
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because more and more people will be living in the watershed. An 

obvious way to alleviate this problem would be to slow or stop the 

rate of growth and thus the quantity of wastes being produced. We 

are faced here with a fundamental question of goals, the tradeoff 

between economic growth and environmental preservation. The former 

has historically been given a higher priority by government, industry 

and the population for various reasons: the difficulty of measuring 

the consequences of environmental destruction in economic terms, a 

lack of understanding of interactions between economic and environmental 
factors and a lack of public awareness of the issue. There has been 

a shifting of values in recent years and many people no longer look on 
economic growth as a panacea but are willing to tradeoff some economic 
growth for an improved quality of life. That such a shift is taking 
place within the Grand River Basin has been confirmed by our discussions 
with municipal officials, and the premises underlying the work of the 
Waterloo County Area Planning Board. The rate of innovation in technology 
for dealing with environmental problems has not kept pace with the rate 
of growth of the problem areas, and this presents a dilemma. One way 

out is to stress economic growth, and hope that solutions to the problems 
spawned will be found. This does not seem reasonable to us, as without 
a shift in priorities the necessary funds will not be allocated to the 
problems. In the Grand River Basin there are reaches of the river system 
where quality problems are serious, but others where conditions are still 
quite acceptable. The former will require time and a considerable 
expenditure of funds in order to achieve desired stream quality, however, 
there is for the latter, only the problem of keeping additional pollution 
from entering the stream in the future. The oft quoted "ounce of 
prevention is worth a pound of cure" seems to be appropriate to this 
situation. Due to both our present inadequate understanding of cause- 
effect relationships governing stream quality and the still inadequate 
waste treatment methods available, we feel that it is reasonable to 
regard lower population growth as an important and valid tool for preserving 
river quality. We recognize that slowing population growth is difficult 
and that local political and economic pressures, lack of coordination 
among government agencies and a host of other reasons will work against 
it. Also, whether the concept will be valid if re-examined twenty years 
hence will depend upon the efforts put into developing new concepts in 
waste treatment and industrial processes. Nevertheless, for the present 
we think that the conservative course of minimizing future undesirable 
conditions requiring remedial action is warranted. It is particularly 
important that waste sources upstream of reservoir sites be carefully 
controlled since organic loadings, toxics and nutrients can very rapidly 
turn a reservoir from a valuable asset to a problem and a liability. 


We recommend that communittes on the Speed and Eramosa Rivers 
above Guelph, above Waterloo on the Grand River, above Ayr on the 
With River and on other trtbutartes should restrict their growth 
to the greatest posstble degree, and in general that comnuntties 
tn the Grand River Basin should exercise moderatton in planned 
growth and should accept the responstbtltty for ensuring that 
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envtronmental problems do not develop from future tnereases 
tn population or industry. 


of cia ae ie Oe te RECOMMENDATION NO. 8 


In addition to arguments relating to pollution control and preservation 
of the environment, there are also large water management costs 
associated with sizeable growth of communities in the basin beyond 

their present populations. This is due to increased demands for sewers, 
expansion of water supply systems, advanced waste treatment and so on. 

A further discussion of this point will be found in the chaper "Analysis 
of Water Management Options". 


There is evidence that a significant amount of stream water quality 
deterioration is due to pollution from land and livestock management. 
In terms of agriculture, these sources are as follows: 


(a) Siltation resulting from erosion of farm fields, stream 
banks and drainage ditches, which results in damage to 
sensitive fish and benthal organisms and transports a 
heavy load of nutrients to the stream. 


(b) Pollution from livestock sources such as barnyard runoff, 
manure storage and manure spreading on farm fields 
especially during the winter. To put this situation in 
perspective, it is perhaps worth observing that a feedlot 
with 1,000 beef cattle has been reported (Steggles 1967) 
to produce a waste disposal problem equivalent to that 
produced by a city of 10,000 persons. 


(c) Runoff and leaching of commercial fertilizers from farm 
fields. 


Another serious source of soil erosion and stream pollution is due to 
non-agricultural construction, including sub-divisions and road building. 
In some areas of rapid urban growth, erosion due to construction activities 
is probably the greatest single source of silt in stream courses, and 

has probably contributed greatly to the elimination of trout in such 

areas. 


Reduction of pollution resulting from land and livestock management 
practices can take place based upon regulation, education, fiscal incentives 
and research. Regulation is probably necessary to control pollution 

from construction projects and intensive farming units. However, education 
is the most useful tool, albeit the one which will take the longest to 

show beneficial results. Education should involve a “grass roots" approach 
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to the farming community to demonstrate the benefits to individuals 

and the community of agricultural practices to reduce runoff and 
erosion. Results cannot be achieved by preaching at the farmers, but 
tangible demonstrations, such as are provided by the GRCA Whiteman 

Creek Project, can be a good selling point. Agencies such as the 
Ontario Department of Agriculture and Food, the University of Guelph, 
the Colleges of Agricultural Technology and the Conservation Authorities 
Branch of the Department of the Environment must join the GRCA in 
planning the program. Ultimately, leadership could be passed along 

to local rural organizations within the watershed to ensure implementation. 


In some cases, fiscal incentives are the only effective and equitable 
means of ensuring proper erosion control practices. This could apply 

to stream bank erosion control which is costly to the individual farmer, 
to ditch construction under the Municipal Drainage Act and to county 

and municipal road and sewer construction. 


Finally, very little hard information is available on the contribution 
of agriculture to pollution in the Grand River Basin. It would be 
helpful if the Provincial Government could fund some research in this 
area. 


We recommend a coordinated program by Provinetal Government 
departments to stimulate a renewed emphasts on grass roots 
conservation practices through improved regulations, conservation 
education, ftscal ineentives and research, so as to minimize 

the adverse effects of land and ltvestoeck management on water 
qualtty and quantity in the Grand River Bastin. 


OP Slane as RECOMMENDATION NO. 9 


(2) Improved Stream Management 


Low flow augmentation is generally recognized as a means to enhance 
stream quality. Increasing flows lowers the concentrations of pollutants 
and, in general, increases the assimilative capacity of the stream. 

Thus the same level of dissolved oxygen may in principle be achieved in 
the stream either by decreasing the B.0.D. load entering the stream or by 
increasing stream flow. Unfortunately, the improvements in stream 
quality are usually short lived, as increased population or industry 
rapidly utilizes the additional assimilative capacity in lieu of a higher 
degree of waste treatment with its attendant costs. It is important to 
consider the actual conditions at hand when examining the benefits of 

low flow augmentation. It may be generally stated that for a given waste 
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discharge, flow augmentation benefits will be highly dependent 

upon the ratio of stream flow to waste flow entering the stream. 

This may be readily seen by referring to figure 4, where percent 
reduction in average B.0.D. concentration in the stream is plotted 
against the ratio of stream flow to waste flow. In the limiting case, 
if stream flow becomes nil during drought conditions, pure effluent 
flows down the channel. Although very effective treatment processes 
are available, all are subject to some variability of their effluent 
quality and a base flow in the stream is desirable. Also, waste 
treatment plants occasionally malfunction or even cease to operate 
entirely. Under such circumstances the presence of an upstream reservoir 
allows the stream flow to be increased so as to mitigate the consequences. 
For example, if in 1976 the Guelph sewage treatment plant were to 
temporarily go out of operation, it would be possible to disinfect 

the sewage and increase the flow in the river at the treatment plant 

by means of the upstream reservoir until the wastes were adequately 
diluted. This would, of course, result in a reduction of reservoir 
storage available for other purposes. It was on the basis of arguments 
such as these that we foresaw the requirement for the new Guelph 
Reservoir and recommended it in our interim report of February 1971 
(recommendation no. 1). 


The same sort of arguments also led us to recommend the early construc- 
tion of the Woolwich Reservoir at Elmira (recommendation no. 4). Even 
if the Elmira municipal effluent could be improved to be a sufficiently 
high average quality to be acceptable at near zero flow conditions, 

(and this would require advanced treatment if it could be done at all), 
the disruptions at the plant due to the variable quality of the industrial 
influent would cause frequent plant problems and poor quality effluents. 
When this is coupled with the fact that the sewage treatment plant is 
located in the flood plain and that a serious flood could knock out the 
process for several days, the flood control aspects of the Woolwich 

Dam are a further point in its favour. 


A preliminary appraisal of the controlled flows which could be expected 
below Guelph when the new Guelph Reservoir is completed is shown in 
figure 5 in terms of the probability of being realized. Because of its 
proximity to the Guelph sewage treatment plant, this reservoir should 

be more flexible in its capacity for low flow augmentation than the 

other major reservoirs in the basin. We may reasonably expect the Guelph 
waste treatment plant to be able to call for flow augmentation based 

upon actual conditions at the treatment plant, but this would not be 
practical at Kitchener, for example, where the damage would likely have 
taken place before the extra dilution water could arrive. 


Proximity gives a great benefit in terms of controlling the flow with 
reference to the operations of the sewage treatment plant instead of 
controlling the outflows in terms of a more average dilution requirement. 
Additional monitoring equipment would presumably be necessary at the 
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PERCENT REDUCTION IN BOD IN A 
STREAM VERSUS THE RATIO OF 
STREAMFLOW TO WASTEFLOW. 
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SUSTAINED FLOW ACHIEVABLE AT 
GUELPH W.P.C.P WITH NEW GUELPH 
DAM IN OPERATION. 
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Guelph treatment plant and an ability to coordinate with the GRCA 

to provide the required flows. At the Guelph Reservoir, equipment 
suitable for flexible within-day release of water should be installed. 
The coordination of this system, the conditions under which various 
flows should be released and the communications necessary would all 
have to be further defined to make this operational. Also, the inter- 
actions with flood control and recreation requirements would have to 
be included. There is a similar problem for all existing and new 
reservoirs in the system in terms of optimizing low flow augmentation 
while at the same time providing for flood control, recreation and 
other uses. We have covered this area in recommendation number five. 


Some streams, such as the Canagagigue Creek, have historical low 

flows of zero, while others such as the Speed River, have always some 
small natural base flow. However, excessive demands for irrigation 

or interference from wells may severely lower stream flows. Also, 

the flows may be purposely cut off, such as on the Speed River in 
August 1962 below Guelph when construction was underway in the river 
channel. It is obvious that rivers cannot be purposely shut off or 
reduced to negligible flows if aquatic life is to be protected. 

Minimum flow levels and their allowable durations should be established 
with reference to the aquatic life to be maintained and reductions 
below these levels should be avoided. It seems rather ludicrous to 
construct multi-million dollar reservoirs for flow augmentation and 

to expend funds for advanced treatment plants to ensure a satisfactory 
environment for aquatic life; and then to dry up the stream based 

upon a local construction or the fact that a mill dam has closed its 
gates. Although in some cases there might be problems of riparian 
rights, it is worth considering whether deliberate impediment or 
serious reduction of stream flows should be included, along with the 
addition of pollutants to a watercourse, as possible offenses subject 
to fines or other penalties. We have been informed by the GRCA that 
there are at least 49 small dams on the river system not under their 
control. It is reasonable to assume that the chances of maintaining 
minimum stream flows at a satisfactory level would be highest if al] 
controlled impoundments were under the jurisdiction of the same agency. 
Also, in talking to GRCA staff, it was apparent that some uncertainty 
has arisen in the past as to required reservoir releases to meet OWRC 
water quality objectives. The situation will hopefully clarify as actual 
water quality standards are established for the basin in the future, 
nevertheless improved cooperation between the agencies involved is 
desirable. 


We recommend that a three-man technical operattons coordinating 
committee be set up with representation from the OWRC, the GRCA, 
and the Conservation Authorities Branch. This committee should 
be responsible for ensurtng a closer exchange of plans and 
tnformatton among the three agenctes through regular meetings. 
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We recommend that all tmpoundments on the Grand River and tts 
trtbutartes having the facility for controlling stream flows 

and which are considered by the OWRC or the Conservation 
Authorittes Branch to be of consequence in terms of stream quality 
or quantity constderattons, should be required to file a plan of 
operations uith the Grand River Conservation Authority. Any 
planned deviations from the plan should be subject to prtor 
approval of the teehntcal operations coordinating committee (see 
recommendation 10). 
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In some reaches of the river system, there are indications that existing 
small dams may be impairing river quality. Small reservoirs such as 
that in Hespeler and that impounded by the Wellington Dam in Guelph, 
create conditions suitable for the accumulation of silt and decaying 
solids due to their quiescent nature. Benthal deposits can build up 
leading to depletion of oxygen and if anaerobic conditions develop at 
the benthal layer, nutrients may be recycled leading to excessive algae 
growth. Also contributing to the problems is the fact that the dammed 
up water is deep and has little current, resulting in low reaeration 
rates and depressed oxygen levels. Compensating re-aeration due to 
wave action does not occur to any large degree as would be the case with 
a lake or large reservoir. It is also likely that water temperatures 
are elevated in the small impoundments, reducing the solubility of 
oxygen in the water, and its availability to aquatic life. Due to the 
fact that the Speed River is one of the major quality problem areas in 
the basin, we feel that it would be worthwhile to examine the effects 
of opener} ne existing small reservoirs with the aim of improving river 
quality. 


We recommend that the OWRC and the GRCA jointly investigate the 
potential tmprovement to the quality of the Speed River, of 
modified operattons for the small dams situated between the site 

of the new Guelph Dam and the confluence wtth the Grand River, 
during low flow pertods in the summer. Further, tf the improvements 
are significant, the GRCA should determine what measures could be 
taken to operate these reservotrs consistent wtth the results 
tndtcated. 


site ip oes 3 4 RECOMMENDATION WO. 12 


In order to obtain dilution water at various points in the Grand River 
system, we have looked at the possibilities of diversions. An obvious 
possibility here would be to divert water from the Belwood Reservoir 

into the Speed River. This could be done using an overflow channel at 
spring freshet or by pumping during other times of the year. The cost of 
the latter has been estimated at over one-half million dollars. However, 
unless it were possible to rob the Grand River of flow during low periods, 
this system would be feasible only for diverting spring flows. Should it 
ever become necessary in the future to comtemplate constructing the Barrie 
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Hill Reservoir or other reservoirs on the Speed River above 
Guelph, this possibility could be considered, to guarantee that 
in a dry year both it and the new Guelph Reservoir could be filled. 


Another possible diversion would be of wastes from the Kitchener 

water pollution control plant to below the Ayr Reservoir if the latter 
were constructed. This would, of course, lower the loading on the 
Grand River. A preliminary analysis indicates that this is not likely 
to be a worthwhile course of action, especially since in the long term 
there would be very little stream augmentation available from the Ayr 
Reservoir. It will be seen later in the report that we only recommend 
construction of the Ayr Reservoir if it is to be used for water supply 
to the Megalopolis. In that event, as pointed out, there will be 
little storage remaining in a dry year for flow augmentation. 


(3) Improved Waste Treatment 


Most waste treatment processes used by municipalities in the Grand 

River Basin are of the so called secondary type; a listing of present 
and proposed treatment facilities is included in table 2. These 
treatment processes are biological in nature and are essentially 
designed to reduce the B.0.D. and suspended solids in the entering 
wastes and to disinfect the effluent for public health reasons. Since 
the pervasive effects on river quality are largely from the maior 
municipalities, we shall discuss possible treatment alternatives 

at such points only. As can be seen from table 2, the major municipalities 
all have, or shortly plan to have, activated sludge plants. The OWRC 
have stated an objective of 15 mg/1 of B.0.D. (average) for the 
performance of such plants. We have evaluated the resultant B.0.D. in 
the stream based upon this assumption for low flow conditions likely to 
recur once in twenty years. We have assumed that the reservoirs would 
be optimally operated for low flow augmentation. It may be seen from 
the graph in figure 6 for example, that Kitchener would be able to meet 
the proposed guidelines for dissolved oxygen (OWRC 1971) until 1986 

with their existing degree of waste treatment. Similar curves were 
obtained for the other major municipalities on the Grand River and it 
was determined that Kitchener would be the first to require advanced 
treatment. However, this simple analysis does not take into account 
variability in treatment plant effluent quality and quantity, effects 

of storm runoff, photosynthesis and respiration from algae, etc. 
Inclusion of this multitude of factors into the analysis would certainly 
show that conditions are worse than appears from these curves. We thus 
feel that the simple analysis of average conditions is of little use if 
we are interested in preserving high quality aquatic life; and it is 
basically for this purpose that the oxygen guidelines were presumably 
suggested. It also follows that we consider the loading guidelines 
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TABLE 2 


Present and Proposed Waste Treatment Facilities* 


(Status prior to the start of the comprehensive water 


management review leading to this report.) 


MUNICIPALITY 


Arthur 
Ayr 
Baden 


Brantford 
Bridgeport 
Caledonia 
Cayuga 


Drayton 
Dundalk 


Elmira 
Elora 
Fergus 
Galt 


Grand Valley 


TREATMENT 
17.5 acre lagoon 
septic tanks 
septic tanks 


12.5 m.g.d. activated 
sludge plant 


septic tanks 
0.25 m.g.d. activated 
Sludge plant 


0.20 m.g.d. oxidation 
ditch 


septic tanks 


lJ m.g.d. activated 
sludge plant 


0.68 m.g.d. activated 
sludge plant 


0.083 m.g.d. activated 
sludge plant 


0.60 m.g.d. activated 
sludge plant 


5.0 m.g.d. activated 
Sludge plant 


septic tanks 


STATUS 
enlargement under study 
facilities under study 


facilities under study 


proposed connection to 
Kitchener sewer system 


facilities under study 


enlargement under study 


enlargement under study 


expansion underway 


enlargement under study 


facilities under study 
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(cont'd. ) 


Municipality 


Guelph 


Hespeler 


Kitchener 


New Hamburg 


Paris 


Preston 


Rockwood 
St. George 


Waterloo 


Wellesley 


* 
Note: 


Treatment 


10.0 m.g.d. activated 
sludge plant 


septic tanks and 
sand filters 


13.5 m.g.d. activated 
sludge plant 


27.5 acre lagoon 


0.5 m.g.d. activated 
sludge plant 


1.8 m.g.d. activated 
sludge plant 


septic tanks 
septic tanks 


4.0 m.g.d. activated 
sludge plant 


septic tanks 


Status 


activated sludge plant 
to be constructed shortly 


enlargement under study 


facilities under study 
facilities under study 


enlargement under study 


facilities under study 


- in addition to the comments under "STATUS", phosphorus removal 
facilities are planned for most of the above municipalities; 


- the above list is meant to summarize the present status of waste 
treatment and should not be construed as being based upon our 
comprehensive water management study. 
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GRAPHS SHOWING AVERAGE B.0.D. ESTIMATED BELOW 
KITCHENER SEWAGE TREATMENT PLANT UNDER SUMMER 
LOW FLOW CONDITIONS. 


SECONDARY TREATMENT PLUS 
NUTRIENT REMOVAL, 


SECONDARY TREATMENT PLUS 
NUTRIENT REMOVAL PLUS 
FLOW AUGMENTATION FROM 
MONTROSE RESERVOIR. 


SECONDARY TREATMENT PLUS 
NUTRIENT REMOVAL PLUS 
SAND FILTRATION. 
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WHEN B.0.D. IS GREATER THAN 6 MG/L 
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developed in the same report (OWRC 1971) to be inadequate. We 

have discussed earlier that meaningful quality objectives cannot 

be set for the Grand River and its tributaries until further data 

and analysis methods are developed (see recommendations 6 and 13). 

As a corollary, we feel that specific assessments of the degree of 
possible advanced treatment and when it may be required at the various 
municipalities cannot be clearly made in this report. The exceptions 
are for Guelph and Elmira, which based upon average stream B.0.D. 
above, require immediate action (see recommendations 2 and 3) to 
reduce the loading on the receiving streams from their waste treatment 
plants. In an attempt to overcome some of these problems we have 

done some preliminary design on a computer simulation to represent the 
various stream processes and random behavior earlier outlined (see 
also the section "Water Quality Standards"). Unfortunately data 
collected in the past has not been specifically for the purposes 

of planning, but has been more oriented to monitoring quality on an 
average basis. We have thus been unable to develop the simulation to 
a sufficient degree that an accurate representation of dissolved 
oxygen in the stream can be produced. We have, however, been able 

to generate a meaningful stream B.0.D. description for the Speed River 
just below Guelph and the results of this may be seen in figure 7. 

We feel that this is a confirmation of our conclusions that stream 
quality analysis must be based on much more sophisticated approaches 
than have been taken for the Grand River Basin in the past. We have 
included a detailed discussion of the simulation approach which has 
been developed in prototype form in the appendices. We have also 
recommended that further development work on the simulation be 

carried out under recommendation six. 


It would appear that some improvement in the algae problem should 
become apparent in the near future. There are plans to incorporate 
phosphorus removal at all major municipalities in the Basin by 1973. 
It should be pointed out that the purpose of the phosphorus removal 
program is to improve conditions in Lake Erie, and the degree to which 
it reduces the algae problem in rivers such as the Grand is not clear 
at present. Taking the Speed River as an example, and assuming 80% 
phosphorus removal at Guelph, then at low flow conditions with the new 
Guelph Reservoir in operation, we have forecast the total phosphorus 
concentration in the stream below Guelph at approximately 0.3 mg/1 in 
1976. The same levels would be present below Kitchener and would at 
all points of course increase steadily with passing years. It has 
been stated in the literature that nuisance algae conditions can 
probably occur in a stream with total phosphorus concentration of 

0.1 mg/l or lower. It can, therefore, be seen that there may be a 
significant algae problem and associated night time drops in D.0. due 
to respiration even after phosphorus removal is carried out. 


In the following two sub-sections of the report, we describe a review 
of currently available advanced treatment methods and those which are 
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in the pilot plant stage, in order to see which methods might 

be applied in the Grand River Basin. Conventional treatment does 
not remove all organic and inorganic materials from wastes and 
certain "refactory substances" remain which require advanced 
treatment for their removal. We may divide advanced treatment into 
two categories: (i) treatment plants, and (ii) land disposal. 


(1) A basic advanced waste treatment system could include 
the following processes into a secondary biological 
treatment system: 


- Coagulation and sedimentation; removal of phosphates 
essentially (this stage is planned for treatment plants 
in the Grand River Basin). 


- Filtration; removal of residual suspended solids 
(including some B.0.D. and phosphates). 


- Ammonia stripping; removal of nitrogen compounds, 
which are an important algae nutrient. Problems are 
currently being found in making ammonia stripping work 
satisfactorily and in particular, there is a loss of 
efficiency at low temperatures. 


- Activated carbon adsorption; removal of refactory organics. 


- Electrodialysis, distillation, ion exchange, reverse 
osmosis, or freeze desalination; methods which could 
possibly be used to remove or reduce levels of dissolved 
solids. These processes have, to date, been largely 
concerned with desalination of water, although they 
offer promise in water and waste treatment. Efficiencies 
and costs are still somewhat uncertain and in general, 
they could not be realistically applied at this time 
for advanced waste treatment. 


Although the methods listed for reducing dissolved solids are still 
somewhat exploratory, all of the other processes are presently feasible, 
with the proviso that ammonia stripping could be inefficient in our 
climate. The best example of a complete advanced process is probably 
the plant at Lake Tahoe, California, which includes facilities for 
phosphorus and ammonia removal, filtration and carbon adsorption after 

a conventional secondary plant. The effluent has a reported B.0.D. 

of less than 4 mg/1 and phosphorus of less than 0.27 mg/l. The effluent 
is used for irrigation of hay and pasture and also for stocking trout; 
in addition, it is approved for all water contract sports. The costs of 
the complete treatment facilities including phosphorus removal are 

about double those for a secondary plant alone. Estimated 1971 costs 
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for the advanced processes alone, including operating costs and 
amortization of capital, is about 26.5¢ per 1,000 gallons of which 
11.9¢ refers to phosphorus removal and 3.2¢ to ammonia stripping. 
Upon reviewing the current status of the various projects employing 
these methods, there appears to be no reason why filtration, 
(probably rapid sand filtration with backwashing) and carbon 
adsorption could not be included in treatment of wastes for the 
Grand River, if further treatment beyond secondary plus phosphorus 
reduction is shown to be necessary. 


In addition to these advanced treatment processes, our earlier 
discussion of variability in the effluent quality indicates that 
important gains in stream quality could be realized by reducing 

this variability. In particular, flow equalization tanks prior to 

the treatment plant and quality equalization tanks following the 

plant are logical methods to consider. Flow equalization tanks smooth 
the influent flow to the plant, thus tending to smooth the total 
pounds of B.0.D. entering the stream. Quality equalization tanks 
following the plant do not improve the process efficiency but would 
allow mixing before release to the stream thus attaining a more 
uniform quality of effluent. When completed, the computer simulation 
would be of great assistance in este en the worth and optimal 
sizing of these tanks. 


We have utilized the computer simulation to do a preliminary 
evaluation of the effects on stream B.0.D. of the inclusion of rapid 
sand filtration at the Guelph plant as a further treatment stage. 

The results are shown in figure 8. It should be stressed that these 
results are based upon only a superficial analysis and a much more 
detailed investigation would have to be carried out before conclusions 
could be validly drawn from the graphs. 


Another method, which can be employed to improve effluent quality and 
to lower its variability, is through tighter quality control procedures 
in the plant. This would imply more frequent monitoring of such 
parameters as suspended solids and consequent adjustments in the level 
of biological activity in the plant, perhaps utilizing automatic control 
equipment. The level of suspended solids would appear to be a good, 
although not infallible, indicator of the B.0.D. as can be seen from 
reference to figure 9, based upon 72 sample points from the Kitchener 
waste treatment plant. 


As already discussed earlier in the report, the effects of storm runoff 
are potentially very important on stream quality. Infiltration to 

Sanitary or combined sewers can result in the hydraulic capacity of the 
sewers becoming exceeded, with consequent bypassing of untreated sewage 
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FIG. 3 


PERCENTAGE OF DAYS IN AUGUST WHEN 
B.0.D. IS GREATER THAN 6MG/L AT 
GUEEPH: 


1976 1981 1986 I99| 1996 


YEAR 


NOTE: 
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(INCLUDING NUTRIENT REMOVAL) 
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LINEAR RELATIONSHIP BETWEEN B.0.D. AND SUSPENDED SOLIDS AT 
KITCHENER. (BASED ON 72 SAMPLE POINTS FROM 1965 TO 1971) 
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to the water course. Even separate storm sewers are not a 

complete answer since it has been found that after a prolonged 

dry period, the first half-hour or so of storm runoff may have 

B.0.D. and other characteristics equivalent to that of untreated 
domestic sewage. A review of the literature indicates that the 

shock loading may be great enough to cause large fish kills. On 

this point (Barrett 1971) has reported several large fish kills in 
the St. James River in Missouri, which have been traced to storm 
water runoff. An example of storm runoff data for various cities 

may be seen in table 3. The poor quality of urban runoff is due to 
street refuse such as dirt, litter, oi], disintegrated asphalt; 
animal droppings; stale and septic water from storm sewer catch 
basins, ditches and other depressions; and chemicals from many 
sources (APWA 1968). A possible solution to this problem could be 
through catching and retaining in holding tanks the first concentrated 
Surge of storm sewage and releasing it gradually for treatment into 
the sanitary sewers. There is no fundamental reason why this type 

of approach could not be used for municipalities in the Grand River 
Watershed although there could be a number of detailed engineering 
problems and the cost would be substantial. To obtain a rough idea 
of the latter, we have estimated the cost of building holding tanks 
to retain the first half-hour flows in storm sewers for 90% of 
rainstorms likely to occur over municipalities in the basin. Based 
on our population estimates for the year 2001, this would be very 
approximately $5 to $6 million. This is obviously a very significant 
sum of money and any justification of expending it should be based 

on a careful analysis. We have not made any estimates of costs involved 
in any required changes to sanitary or combined sewers. 


We recommend that the OWRC tnttiate an investigation of the 
santtary, storm and combined sewers of munitctpaltttes in the 
Grand River Bastin, wtth a vtew to establishing the extent and 
consequences of storm runoff on stream quality and aquatic itfe; 
and further to suggest the alternatives and their costs to 
alleviate the problems found. This tnformatton should be 
collected so as to be useable by the computer stmulatton (see 
recomnendatton 6). 


Rey Gee oe RECOMMENDATION NO. 13 


(ii) Land disposal in this report refers to the application of 
secondary treated sewage effluent onto the land. The treatment 
resulting from this is approximately equivalent to coagulation and 
sedimentation, filtration and passage through activated carbon. Both 
coliforms and B.0.D. are reduced to negligible levels after the liquid 
applied percolates through several feet of soil. Phosphate compounds 
are fixed in the top layers of the soil and only reach the groundwater 
table in minute amounts (Wall and Weber 1970), usually less than 0.01 mg/1. 
Thus, removal of phosphorus and B.0.D. are higher with a properly run 
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TABLE 3 CHARACTERISTICS OF STORM WATER 


(Taken from "Water Pollution Aspects of Urban Runoff") 
Federal Water Pollution Admin. (U.S.) 


BOD Total Solids Suspended Solids Coliform 
mg/ | mg/1 mg/ | / | 


Chlorides 
mg/ 1 


COD 
mg/ | 
1. East Bay Sanitary 


District 
Minimum 3 726 16 4 300 
Maximum 7,700 4,400 70,000 10,260 
Average 87 1,401 63 11,800 5, 100 
2. Cincinnati, Ohio 
Maximum Seasonal Means 12 260 110 
Average 17 Ces 111 
3. Los Angeles County : 
Average 1962-63 161 2,909 199 


4, Washington, D.C. 
Catch-basin samples 
during storm 


Minimum 6 26 11 
Maximum 625 BOigc OU) 160 
Average 126 2,100 42 
5. Seattle Washington 10 16,100 
6. Oxney, England 10G** 2,045 
i Moscow, Uo.5.8< 186-285  1,000-3.,500** 
8. Leningrad, U.S.S.R. 36 14,541 
9. Stockholm, Sweden 17-80 30-8,000 40-200 ,000 18-3, 100 
10. Pretoria, South Africa 
Residential 30 240 ,000 29 
Business 34 230,000 28 
11. Detroit, Michigan 96-234 310-914 Wed ks2a O30,00072* 


Criceria’ fOr: 
A. Potable water 


(to be filtered) 5 ,000 600** 10 
(not to be filtered) 50 10 
B. Water Contact Water 2,400 NA 


*New York State 
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land disposal scheme than for the most advanced treatment methods 
presently in operation. However, a build-up of nitrates and dissolved 
solids can occur resulting in higher concentrations of these substances 
ultimately entering the stream and possible impairment of groundwater 
sources. 


Land disposal methods can be of two types: irrigation or infiltration. 
Irrigation, using treated sewage effluent, has been utilized for a 
number of years in many parts of the world. Examples are mainly 

found in arid or semi-arid areas and this method is very common in 
Israel and has been employed at Lubbock, Texas since the 1930's. 

Since 1962 an experimental program has been under way utilizing sewage 
effluent at the Pennsylvania State University for fertilizing crops 
and forests. The beneficial aspects of irrigation would be to prevent 
the effluent from entering the water course, to raise the groundwater 
table and to provide nutrients for crops. There would be increased 
crop yields in dry years, however, the benefits would likely be 
marginal or negligible in the wet years in our area. Based upon what 
appear to be reasonable figures for possible spraying rates, we would 
require the following number of acres to be irrigated to utilize the 
available flows: 


1976 2001 
Kitchener only T2500 3,200 
Megalopolis plus Guelph 4,000 10,000 


Preliminary calculations indicate that if the system were capable of 
year round operation, costs might be the order of 15¢ to 20¢ per 1,000 
gallons of effluent. This assumes that complete development of a new 
irrigation system would be required. This cost compares favourably 
with that likely from implementing phosphorus removal and sand filtration. 
In addition, there would be the added benefits of virtually complete 
elimination of B.0.D. and phosphates entering the stream from municipal 
wastes. Disadvantages of the system would be that only certain crops 
could be acceptably sprayed, there would be a build-up of salts in the 
soil and nitrates in the percolate and possible crop damage could occur 
depending upon the constituents of the effluent. Winter time operation 
could cause problems although research at Pennsylvania State University 
indicates that these can perhaps be overcome. 


Infiltration methods have also been used for land disposal purposes. 

In this case, the treated effluent is applied at a high rate to the ground 
and allowed to percolate into the soil. The rates of application are,in 
general, too high to allow any useful crops to be grown, but on the other 
hand, the land requirements are reduced compared to irrigation. Bouwer 
(1970) has reported infiltration rates of 300 acre-feet of effluent per 
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acre per year based on work carried out since 1967 at Phoenix, 
Arizona. Other reports indicate that this is not unreasonable, 
although perhaps somewhat high for our area. Actual estimates of 
infiltration rates would require a thorough study of soil and sub- 
soil conditions. Based upon infiltration rates of 250 feet per 

acre per year, reasonable assumptions give cost estimates for an 
infiltration system of about 10¢ to 15¢ per 1,000 gallons. The 
uncertainty inherent in these estimates and the fact that they may 
be conservative can be seen from published costs, which range from 
1.85¢ to 10.4¢ per 1,000 gallons. The lower value is based on 1971 
data from the Flushing Meadows Project at Phoenix, report by Bouwer, 
and includes pumping the reclaimed water to the surface. It must be 
stressed that any estimates of infiltration rates or costs are purely 
speculative at this point for the Grand River Basin. 


In addition to waste disposal benefits, groundwater supplies could be 
greatly augmented by infiltration of treated wastes. However, there 
could be objections to use of the reclaimed water on aesthetic or 
health grounds. As pointed out earlier, coliform bacteria and virus 

do not seem to be transmitted through significant distances in the around, 
but build-ups of nitrates and dissolved solids could be a problem. 

The degree to which groundwater impairment would actually occur could 
only be determined by a careful review of results from on-site research 
in the basin. Should recharge of domestic groundwater supplies be 
unacceptable, the reclaimed water could be pumped up into the streams 
rather than allowing it to infiltrate to the groundwater aquifers 
reserved for supply purposes. 


In summary, it would appear that land disposal could be less costly by 
10¢ to 20¢ per 1,000 gallons of treated sewage than advanced at-plant 
treatment for large municipalities. Considering for a hypothetical 
example, Guelph and Kitchener being (1) on advanced treatment from 1980 
to 2000, and (2) an alternative of land disposal for the same cities 
with a saving of 10¢ per 1,000 gallons of (2) over (1); then the total 
dollar difference over the twenty year period would be $34 million. 

This is, of course, only a hypothetical example, since no firm 
justification for advanced treatment by 1980 for these two cities has 
been given, and further the 10¢ per 1,000 gallons taken as savings might 
be very inaccurate for that period of time. However, phosphorus removal 
will be in operation by 1980 at Guelph and Kitchener and we can see a 
requirement for at least the degree of treatment offered by sand 
filtration at Kitchener and Guelph. The figures are obviously large 
enough to indicate that a good deal of money is at stake when discussing 
tertiary treatment alternatives. To evaluate the feasibility of large- 
scale land disposal in the Grand River Basin, careful studies of 
infiltration rates and groundwater movement would be necessary. A test 
site should be established and field work carried out over an extended 
period to more accurately forecast likely results and costs. Such a 
study would probably require two years and could cost about $600,000 to 
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carry out. This expenditure seems very worthwhile to us in terms 
of the possible effectiveness and potential savings inherent in a 
successful outcome of the research. 


We recommend that a fteld pilot program into land dtsposal 

of treated sewage effluents should be carried out in the Grand 
River Bastn by the OWRC to establish feastbtlity with respect 
to the effects on stream qualtty, groundwater, stream flows and 
the quantities whtch could be disposed of and the related costs 
as compared to at-plant advanced treatment. 
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FLOOD CONTROL 


Introduction 


Any inundation from the river may be regarded as flooding, but it 
becomes of real significance only when the water causes, or has 

the potential to cause property damage or loss of life because of 
residential, commercial, or other development in the area. Flooding 
occurs when the channel does not have sufficient capacity to pass 

the volume of water generated by rainfall and/or snowmelt conditions. 
“Flood losses may be defined as the destruction or impairment, partial 
or complete, of the value of goods or services, or of health, resulting 
from the action of flood waters and the silt and debris they carry" 
(Hoyt 1954) .The primary reason for flood losses is development on 

the flood plain and the degree of loss is dependent on the type and 
location of development. The methods used for estimating flood damages 
in this report are described in "Guidelines for Analysis, Volume 2, 
Flood Damages", prepared for the Governments of Canada and Ontario 

by Acres Limited. The basic data were collected by the Grand River 
Conservation Authority. 


Flood Damage Reduction 


The most common methods presently used for reducing flood losses are: 


(i) Engineering Works 


This is the method usually considered first, especially in 
extensively developed areas. Dikes to confine the flow,reservoirs 
to impound flood waters, channel enlargement and straightening to 
reduce stages, by-passes to carry water around the town, or a 
combination of several of these methods may be used. 


Each type has its advantages and disadvantages. Dikes usually 
require a minimum of flood-plain land but often produce catastrophic 
results when they are breached or over-topped. Reservoirs are a 
more positive means of control, require less expensive land, and a 
flood exceeding the design capacity of the reservoir system is 
usually not catastrophic. Channel improvements and diversions, 
although effective, often require expensive urban land for their 
development. 


(ii) Regulation of Development 


Future potential losses may be minimized in an area by prohibiting 
and/or restricting new development on flood-prone lands. The Grand 
River Conservation Authority is presently preparing regulations which 
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will utilize this technique along the rivers and streams of 
the Grand River Basin. Regulation of this kind does not 
necessarily prohibit development, but defines the type of 
development permissible within the framework of comprehensive 
urban planning, to insure the most judicious use of the land 
compatible with the aim of minimizing potential flood damage. 


(iii) Flood-Proofing 


Many types of changes can be made in existing developments in 
flood plains, or incorporated into the planning and design of 
future development to reduce flood losses, such as: land 
filling, design and layout of buildings, raising vulnerable 
parts of equipment such as motors, and provisions for emergency 
installation of water-tight doors. 


(iv) Flood Warning 


Temporary evacuation of people and damageable goods can be an 
effective measure in reducing flood losses. The success of this 
technique is dependent on an efficient flood warning system. 
Such a system is presently being utilized in the Grand River 
Basin. Further improvements could be made in this system if the 
likely hydrologic consequences of an approaching storm could be 
predicted more accurately. Further comments are made on this 

in our discussion of recommendation 15. 


The people of the Grand River Basin have faced various types of water 
management problems ever since man first inhabited the area. As with 
most regions of Ontario, the earliest recorded problems were those of 
flooding. The Grand River Conservation Report (1962) gives a very 
complete history of flooding on the Grand River watershed from about 
1790 A.D. to 1954 A.D., based chiefly on diaries and newspaper accounts. 
As outlined in that report, flooding on the Grand River and its tributaries 
has always been a severe problem. Major flood damages have occurred at 
the Cities of Brantford, Galt, and Guelph, the Towns of Caledonia, 
Dunnville, Fergus, Hespeler, New Hamburg, Paris and Preston, and the 
Villages of Ayr, Bridgeport and Elora. 


Over the years, dikes have been constructed at some of the major flood- 
vulnerable points along the river. Brantford, for example, constructed 
dikes in 1894 and extended and raised them in subsequent years. According 
to the Grand River Conservation Report, "In 1949 the dikes at Brantford 
were raised and extended ... This money was well spent; for in the spring 
flood of 1950 the water again rose close to the top of the dikes. A 

small additional rise would have overtopped the dikes and the loss would 
have been extremely heavy". 
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Since 1940, three major flood control dams have been constructed: 

Shand Dam (1942), Luther Dam (1954), and Conestogo Dam (1958). These 
dams have changed the flow regime of the river considerably and have 
provided a large flood control benefit. However, the potential for 

flood damage is still very high because several major tributaries 

remain uncontrolled and because a great deal of urban development has 
taken place in the past two decades. In more recent times, as population 
and industry have increased, problems of water supply and pollution 

have become very evident as have demands for more recreation and 
streamlife management. Through the Grand River Conservation Commission, 
the Grand Valley Conservation Authority, and presently the Grand River 
Conservation Authority, action has been taken over the years to plan 

and construct facilities which will help to resolve these water problems. 


The main emphasis in the planning of water control facilities to date 
has been on flood protection. However, the final design and operation 
has usually incorporated and developed the multiple purposes of flood 
control, pollution abatement, recreation and wildlife management. 

The emphasis in this study is towards the complete integration of all 
water management activities, including water supply, within the watershed 
to reflect the optimum system and operating policies at the planning 
stage. With this concept in mind, various possible water control 
structures were evaluated as to their beneficial and/or detrimental 
effects on the socio-economic and environmental systems rather than 
focusing on flood control as an isolated problem. 


The objective of flood control activity is to minimize the average annual 
flood damage with the least cost. The primary constraint on this 
evaluation is that the average annual flood damage reduction must exceed 
the average annual cost of achieving that reduction. The cost in this 
respect must reflect the actual cost of constructing a flood control 
facility and the conflict cost which may be allocated to any interference 
the flood control facility may have with any other part of the system. 


The flood damage reduction or benefits which may be assigned to any 

system consist of both tangible benefits, those to which a dollar value 

can be assigned, and intangible benefits, or those which are not fully 
measurable in monetary terms. The benefits which are used for this analysis 
are tangible benefits. Tangible benefits may be further sub-divided into 
benefits achieved by reduction of direct damages, i.e. damage to structures 
and contents; and indirect damage, i.e. business disruptions, temporary 
unemployment, traffic disruptions and general relief of flood victims. 


The optimum benefits from flood control due to reservoirs depends on 
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both the flood storage capacity of the reservoir and its location 

with respect to the area susceptible to flooding. A particular 

flood hydrograph at an area subject to flooding (e.g. Brantford) can be 
developed by analysing the sub-hydrographs from all the various sub- 
watersheds such as, for example, Speed, Nith or Conestogo. In this 
study, sub-hydrographs were generated at all points of interest such 

as the key areas of flooding and the existing and proposed reservoir 
sites. By studying the effect that a sub-hydrograph from a proposed 
reservoir has on the key flood locations, one can thus choose and 
analyze various combinations of flood control facilities. It can 

be readily seen that a sub-hydrograph from one particular reservoir 
location may have a much more significant effect on the flood peak 

than a sub-hydrograph from another reservoir in a less strategic location 
ae thought both reservoirs have the same storage capacity (see figure 
10): 


With this concept in mind, the major reservoirs proposed for the Grand 
system were analyzed for five different storms (10-year, 25-year, 50- 
year, and 100-year storms and Hurricane Hazel centred storm). From 
the basic damage data provided in the report on "Flood Damages on 
Grand River Watershed", (GRCA 1970), it was then possible to carry 

out an analysis of the expected annual benefits to be derived from 
each of the reservoir alternatives. This information was then used 

as part of the basis by evaluating different water management options 
for the basin. However, in this report, no reservoirs have been 
recommended purely on flood control grounds even when calculated 
benefits have exceeded their costs. This is because in certain 
instances, it was necessary to extrapolate beyond the damage flow curves 
prepared by the GRCA. More accurate data will have to be collected 
before firm benefits can be assigned to flood control facilities. 


Consideration was given to seven major reservoirs, viz. Guelph, 

Everton, Arkell, West Montrose, Ayr, Barrie Hill and Hespeler, each 

with various different storage capacities. In all, approximately 70 
combinations of reservoirs and storage capacities were analyzed as to 

their flood control benefits. As most of these reservoirs would be used 
for multiple purposes, two conditions for flood control were considered: 
(i) the reservoir empty in the spring and (ii) the reservoir at half the 
conservation pool storage during the remainder of the year. Sixty per- 
cent of the floods were considered to occur in the spring and forty percent 
during the remainder of the year. 


The synthetic hydrograph approach developed by the U.S. Soil Conservation 
Service was the basis of hydrologic analyses carried out in this study. 


For the purpose of this study, a synthetic hydrograph was used to 
represent surface runoff resulting from a design rainstorm over a watershed. 
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FIGURE 13-FLOW DIAGRAM FOR SIMPLIFIED HYDROLOGIC SIMULATION 
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In accordance with the Soil Conservation Service procedure, a 
synthetic hydrograph can be derived from the following variables: 


A) Watershed Characteristics 

1. Size of drainage area. 

2. Lag time, the time from the midpoint of excess rainfall to 
the time of peak discharge. 

3. Runoff curve number which expresses the runoff-producing 
potential of soil groups and land use and treatment on a 
watershed. The antecedent moisture condition of a watershed 
is also included in the curve number. 


B) Design Storm Characteristics 
4. Type of rainstorm, its spatial and temporal distribution. 
5. Amount of rainfall. 


For analysis purposes, the Grand River watershed has been divided 

into several sub-watershed, with outlets being river confluences, 
existing and proposed damsites and flood-vulnerable areas. The drainage 
area, lag time and channel passage time were determined for each sub- 
watershed, as shown on a schematic diagram of the watershed (figure 11). 
The frequency and intensity of rainstorms characteristics of the area 
and the likely runoff characteristics were also determined. 


The analysis starts at the upstream end of the watershed and follows the 
natural sequence of the river system. An inflow hydrograph for a sub- 
watershed is derived by the synthetic hydrograph approach. The hydrograph 
is then routed either through a reservoir or through a channel reach. 

It is then combined with an outflow hydrograph from upstream reservoirs 

or hydrographs from other tributaries. 


For reservoir routing, a so-called line routing was used. For a given 
inflow hydrograph, a line was drawn from the beginning of the hydrograph 
(figure 12) such that the area of the hydrograph between this line and 
the inflow hydrograph was equal to the volume of storage available. 

The outflow hydrograph from the reservoir would follow the inflow or the 
line whichever is less. 


For channel routing, a simplistic approach was taken. It was assumed 
that an inflow hydrograph translates (without distortion in shape) twice 
as fast as the average passage time through a channel reach. Therefore, 
the hydrograph from an upstream watershed, when added to a downstream 
one, is set ahead one-half of the passage time. 


It should be pointed out that advanced techniques are available for both 
reservoir and channel routing but are beyond the scope of this present 
study. However, we feel that such techniques can be of great value in 
flood control planning and operations (see recommendation 15). 
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To aid with this study, a simplified hydrologic simulation program 
was developed to allow analyses to be carried out for various 
combinations of dams and allocated flood storage. Figure 13 is 

a simplified flow chart which shows the sequence in which various 
major functions are performed by the computer. 


The data supplied to the hydrologic simulation for each sub-watershed 
consists of the drainage area, lag time, runoff curve number, amount 
of rainfall, type of storm, flood storage allocated in the reservoir, 
channel passage time, confluence identification and operation mode. 
The program prints out the peak discharge, its time of occurrence 

and the amount of runoff at the outlet of each sub-watershed. In 
addition it will print out a complete hydrograph if requested. 


The program provides for the continuous analysis of different storms 
over a watershed under present conditions and with various reservoir 
combinations. 


Examination of the results of the analysis indicate that considerable 
insight into the hydrologic processes and the sensitivity of flood 
peaks to changes in type of storms and operating rules can be had 

by the use of hydrologic simulation methods. We feel that further 
refinement of this approach would yield benefits in terms of improved 
operations of systems of reservoirs under severe flooding conditions. 
The large damages from flooding occur during infrequent storms, for 
which the planning and operating staff do not have an opportunity to 
perfect their procedures through actual operating experience. The 
hydrologic simulation would allow any configuration of reservoirs, 

and any operating rules to be tested out against hypothetical flood 
events, so as to build up the valuable experience necessary to cope 
efficiently with the real thing when it ultimately occurs. The large 
number of possible combinations inherent in a complex system such 

as the Grand, indicates that some type of mathematical optimizing model 
should be developed concurrently with the simulation. As was indicated 
earlier, the hydrologic simulation actually developed for this study was 
very simplified in form and requires considerable refinement. 


We recommend that the Conservation Authorities Branch develop a 
hydrologte simulatton to allow the predictton of the consequences 
of real or assumed flood events under different flood routing 
poltetes. We further recommend the development of a mathematical 
optimizing model to select flood routing poltctes so as to 
‘ensure maxtmum benefits from existing reservoirs considering 
thetr multt-purpose nature. 
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If completed, the simulation would provide benefits additional to 
those discussed; such as improved flood warning, training of staff 
and applicability with modest adjustments, to other Ontario water- 
sheds. 


The total cost would probably be the order of $50 thousand for the 
Grand basin. As will be noted in our discussion of flood control 
benefits, we feel that the accuracy of the data and analysis used 
would not justify recommending any reservoirs on purely flood control 
grounds alone. The hydrologic simulator and mathematical model 
recommended would be of immense help in further reviewing the West 
Montrose, Hespeler and any other reservoirs suggested for flood control 
in the future. 


Summary of Analysis 


From the analysis of flooding, it is apparent that the reservoirs on 
the Speed and Eramosa Rivers have a greater influence on flood damage 
reduction than do the Ayr or West Montrose Reservoirs. The reasons 
for this are obvious when one considers: 


(1) that the sub-hydrographs from the various reservoir locations 
on the Speed and Eramosa when translated to the areas of flood 
damage are, in general, coincident with the peaks at the 
flood damage locations (see figure 14); and 


(2) that there are a greater number of major flood damage locations 
downstream of the reservoirs on the Speed and Eramosa Rivers 
than there are downstream of the proposed Ayr and West Montrose 
Reservoirs. 
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FIG. I4 


HYDROGRAPH | AT BRANTFORD 
( EXISTING | CONDITIONS ) 


COINCIDENCE OF FLOOD 
HYDROGRAPHS AT RESERVOIR 
SITES ON SPEED RIVER WITH 
FLOOD HYDROGRAPH AT 
BRANTFORD. 
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TABLE 4 


Flood Control Benefit Evaluation (in $,000) * 


System of Reservoirs Considered Average Annual Flood Control Benefits 


(all include Belwood, Conestogo (over and above those due to existing 


and Luther) dams ) 

(A) New Guelph 1176 

(B) New Guelph + Everton 1628 

(C) New Guelph + Arkell] 1964 

(D) New Guelph + Ayr + Everton 2042 

(E) New Guelph + West Montrose 1913 
+ Everton 

(F) New Guelph + Ayr + Everton 2805 
+ Hespeler 


Average Annual Wet Present Worth 


Flood Control for SU Years. Cost of Benefit/Cost 
New Guelph (A) 1176 25,0008 Cl. g0U 7,200 a0 Sas 
Everton (B) - (A) 452 9,900 8,440 6 ,600 eS Les 
Arkell (C) - (A) 788 17,300 14,700 8,400 2.0 1.8 
Ayr (D) - (B) 414 9,050 7,720 18,800 0.5 0.4 
West Montrose (E) -(B) 285 65250" . 5,300 15,000 0.4 0735 
Hespeler (F) - (D) 763 16,700 14,200 8,700 eg Pa: 


* 

The six combinations presented are only selected examples to illustrate 
generally the flood control benefits associated with various reservoirs. 
In Appendix 4 will be found a listing of a large number of other 
combinations evaluated. Actual benefits have not been quoted in this 
report for all combinations since we feel that further refinement of 

the numbers is warranted. Extreme caution must be used in interpreting _ 
benefits from any reservoir since benefits depend upon the mode of operation 
and which other reservoirs are also present in the system. As an example, 
for Everton and Arkell above, assuming Hespeler also in the system would 
considerably reduce the benefits obtained from the Everton and Arkell 
Reservoirs and reduce the apparent relative superiority of Arkell. 
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Table 4 compares the total expected annual flood damage reductions 
for the major centres in the watershed with different systems of 
reservoirs. It should be noted that although these figures are felt 
to be reasonable, they should be further refined before confirming 
any reservoir on grounds of flood control alone. In particular, our 
calculations of benefits for the Arkell Reservoir are probably some- 
what high. 


The net present worth of flood control benefits found in columns 2 
and 3 of table 4 were calculated as follows. Annual flood control benefits 
were each discounted back to the year of reservoir construction by an 
appropriate discount rate for a total of fifty years. The discounted 
benefits were then summed to produce the net present worth. The net 
present worth has been considered a more valid measure of benefits to 
compare to reservoir costs than total benefits over the fifty year 
period since it takes account of both possible inflation in benefits 
and lower utility of a given sum of money with passing years. The 
basic rate of discount used for flood control benefits in this report 
is 4%, this being approximately the net of an assumed 3% yearly inflation 
rate for flood damages and a 7% discount rate to reflect the tradeoff 
between the cost of money one year versus the next year. The yearly 
inflation rate for flood damages has been based upon an examination 
of cost increases over the past ten years for the costs of buildings 
and contents (D.B.S. 1971), while the 7% discount rate is based upon 
the assumption that this is the long-term interest rate on government 
bonds. Since all of these rates are based on assumptions and cannot 
be proved in any sense, we have formed net present worths of flood 
control benefits at a higher rate of 5% also, in column 3 of table 4 
to allow sensitivity analysis. 


In examining the results of table 4, it should be noted that only 6 
combinations of reservoirs have been quoted here, but they are represent- 
ative of the benefits from the 74 combinations evaluated, as well as 
being reasonable groupings in terms of water management plans. 


When the flood damage reductions from the various reservoirs and 
combinations of reservoirs were reviewed, it was evident that with the 
present data on damages and with the flood routing techniques used, the 
construction of the Ayr or West Montrose Dams are not supportable on 

the basis of flood control alone. It must be re-emphasized at this 
point that more refinement is needed in both the data and the techniques 
utilized. The Guelph, Hespeler and either Everton or Arkell Reservoirs 
would appear to be supportable on the basis of flood control alone, 
bearing in mind the above provisos regarding the analysis. 


The only single purpose reservoir considered in this report is that ; 
proposed for Hespeler. Because a permanent impoundment at this location 
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would be seriously affected by the heavy nutrient load from up 
stream, only a dry or retardation dam was considered. With the 
existing information it is apparent that this facility could have a 
substantial flood control benefit and that therefore the land should 
be protected until such time as more precise data and sophisticated 
methods of analysis are available. 


We recommend that land for the proposed Hespeler Reservoir 
should be purchased as tt becomes avatlable, but that the damn 
should not be constructed, nor detatled destgn carried out 


unttl tts validity as part of the overall water management plan 
ts confirmed. 


ace eta Tite Ts RECOMMENDATION NO. 16 
The Everton, Arkell, Ayr, West Montrose and Barrie Hill Reservoirs 
were also considered as parts of various water supply alternatives 


and further discussions regarding them will be deferred until after 
the discussion on water supply which follows. 
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MUNICIPAL WATER SUPPLY 


Demand Forecasts 


Future water demands of the municipalities are essentially dependent 
upon two forecasts: a projection of population distributed among 
the communities in the basin, and a forecast of expected per capita 
water usage. The population projections have been based upon a 
number of related studies and reports including: 


- The Waterloo South-Wellington Area Economic Base Study, presented 
in July 1969 by Canadian Urban Economics Ltd. 


- The Six Goals Plans, formulated by the Waterloo Area Planning 
Board. 


- Demographic forecasts of communities in the Grand River Watershed, 
supplied by staff of the Economic Analysis Branch of the provincial 
Department of Treasury and Economics. 


- County Population Estimates for Waterloo, Wellington and Brant 
Counties from D. B. S. 1969 figures. 


In addition, there have been discussions with staff of the Haldimand 
Norfolk Study, the Regional Development Branch of the Department of 
Treasury and Economics, the Community Planning Branch of the Department 
of Municipal Affairs, the Waterloo County Area Planning Board, and the 
Regional Services Planning Branch of the OWRC. 


The per capita water usage forecasts were based upon three assumptions: 


iy) With increasing affluence and leisure time, domestic demand 
will grow rapidly. This assumption seems reasonable if one 
reflects on the rapid growth in ownership of automatic dish- 
washers and clothes washers, childrens wading pools, family 
swimming pools, etc. 


2) Industrial usage will decrease with a growing acceptance by 
industry of responsibility for preservation of the environment. 


3) In the long term, the industrial trend of decreasing usage will 
be more significant than the domestic trend of increasing usage. 


The population projections used in this report and the associated water 
demands are presented in table 5 for the municipalities most affected 
by our present analysis. To allow necessary staging considerations to 
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be incorporated into the reconnaissance estimates for the major 

water supply alternatives looked at, the projections have been 

broken down into five year intervals as shown. Examination of the 
contents of table 5 shows that the populations forecast for the 

year 2001 are somewhat lower than those presented in the Waterloo- 

South Wellington Study, which was based upon 1966 census figures. 

The 1969 D.B.S. County Population Estimates would seem to support 

the more conservative estimates that have been used in this study. 

On the other hand, tentative population estimates for this area 

worked out by the Toronto Centred Region Study are lower than those 

used in this report. As the Toronto Centred Region figures are still 
under review at the time of writing this report, it has not been possible 
to use them for population forecasts. It should be noted that the 
Toronto Centred Region figures are target populations, i.e. an assessment 
of what the results of "economic management" might be in future years. 
We have re-examined our recommendations in light of possible lower 
population estimates and found that they remain valid. The per 

capita usage forecast of 120 gallons per day by the year 2001, for 

all centres of more than 50,000 population, is lower than that 
generally forecast by others (usually in the range 130 to 150 g.p.d.*). 
Whether this conservatism is justified is a matter of opinion, but it 

is a working assumption which we have accepted as valid for this report. 
Demand projections up until the year 2001 were carried out for all 
population centres in the basin, however, except for those municipalities 
quoted in table 5, only a very cursory analysis of supply and demand 
was carried out. Geography and size force one to the conclusion that 
the smaller municipalities should continue to depend upon local water 
resources to meet their present and future needs. These resources 
appear adequate except for Caledonia and Cayuga, which would have to be 
considered for any regional supply system. Should rapid growth occur 
at any of the other small municipalities in the future, it would be 
necessary to re-evaluate the adequacy of local supplies. 


The growth rates which have been used for forecasts of total basin 
population are shown in table 6. For the purposes of analysis, a 
planning period of 30 years, up to 2001 was considered. There are two 
ways of interpreting a fixed horizon such as this. Firstly, it can 

be assumed that population will level off by the year 2001 and remain 
approximately constant thereafter. This is unlikely to happen for both 
economic and demographic reasons. A second way of considering the 30- 
year planning horizon is that facilities would be designed to service the 
population forecast for the year 2001, and additional facilities would 
have to be planned for later to take account of any additional population 
growth beyond the year 2001. 


We feel that our approach is reasonable, particularly since planning 
facilities for a longer period ahead than thirty years is probably of 
little value, given the rapid pace of change in technology and social 
needs. However, to test the sensitivity of alternate plans to the length 
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TABLE 5 


Population and Water Demand Projections for 
Selected Municipalities in the Grand River Basin* 


Centre 1971 


Kitchener 
Waterloo (Pop. ) 145.0 


Galt 
Preston 60.0 
Hespeler (Pop. ) 


—— 


Total for 
Megalopolis (Pop.) 205.0 


: (Demand) 22.71 


Guelph (Pop. ) 58.0 
" (Demand) 6.09 


Brantford (Pop. ) 62.0 


(Demand) 6.82 
Caledonia (Pop.) Sail 

(Demand) O23 
Cayuga (Pop.) hal 

" (Demand) O21? 


1976 1981 
174.0 203.0 
6950) “86.0 
243.0 289.0 
2 lay wie-oe 
7O°.0.~ <82 50 
ioe. 29202 
65:0 68:0 
TCO" aie 
4.8 Las 
0.40 0.66 
1.6 321 
0-207 036 


1986 


240.0 


1991 


Ld Vs 


438. 


0 


.96 


1996 


313.00) 


14.22 


2001 


302.0 


* Population in thousands of persons and demands quoted as average M.G.D. 
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Period 


1971-1976 
1976-1981 
1981-1986 
1986-1991 
1991-1996 


1996-2001 


TABLE 6 


ANNUAL POPULATION GROWTH RATES 


Middle Grand Area 


Si.12 
3.5% 
4.0% 
3.5% 
3.1% 


2.5% 


Brantford 


1.0% 
1.0% 
2.0% 
1.8% 
1.8% 


1.8% 


rar A 
re.) | 
| £4. 1 i My 


f ayy A , ; He aes 
Nees ay Lan Lee 
ith Fy : ay 1 j a ; 


9 ar 
i Ca bis 


1 onto 


ae ia 
7 fi Ce ie 
' 


re f tee a 
ie ir) ee 
1 Z| , ah ea Deer eee 
bh de EE a i : 


ay 


We ban | vas 


pen 
4 


He Mi : ; a “ nh 


4 
Ai 
— 
i 7 ‘ 
Uf 
J 
Ay 
f 


of the planning period, we have made evaluations for 50 years, i.e. 
to the year 2021, assuming a static population between 2001 and 

2021. The prime purpose of this sensitivity analysis was to identify 
any plans wherein operating costs could shift investment decisions 
given a sufficiently long planning period. 


It should be noted that because of limitations of time and resources, 

it has been necessary to base this study on a single population forecast 
with a fixed distribution. For a reconnaissance type survey this 

must suffice but the tradeoff between service costs and population 

Should not be ignored. Water supply and sewage treatment are a significant 
part of total service costs, but one must also bear in mind that the 
social and environmental impact must be included. This more sophisticated 
approach to analysis would treat growth as a decision variable rather 

than an external input. It has been assumed that with more time and 
resources, such a methodology would be applied to future studies of the 
basin. This would imply close coordination between agencies responsible 
for planning and the water management study team. 


Present Water Supply 


Present sources of potable water in the basin in order of importance 
are groundwater, riverwater, Lake Erie water and, to a minor extent, 
rainwater stored in individual cisterns. 


The Middle Grand communities rely entirely on groundwater. Well] 
takings are largely from the Guelph-Amabel bedrock aquifer in the east- 
central area and the overburden aquifer overlying the Salina formation 
in the west-central area of the basin. 


Guelph has developed a number of wells in the bedrock aquifer and also 
uses an extensive collection system at Arkell Springs which picks up 
water from a local overburden aquifer. 


The total rated capacity of present Guelph sources is in excess of 25 

m.g.d. It should be pointed out however that this figure includes 

private industrial wells and ratings have been arrived at on an individual 
well basis. If all wells were pumped simultaneously on continuous operation, 
it is felt that a true perennial yield for these sources would be closer 

to an average of 13 m.g.d. Of this amount the potential industrial well 
yield is about 4m.g.d. Therefore a perennial yield of about 9 m.g.d. 

would be available for municipal use if industries in the area were to 

fully utilize their developed well capacity. Present usage is approx- 
imately 6 m.g.d. which is 106 g.p.d. per capita with a peak factor of 


- 50 - 


onc A Aa Minehitihed 
yy oe bed -apet yd Wiha dn 
vat $ bh de is - ty 


| i ee ne seston ee a ae 
| ‘ln hie par Pees tot 9 We eee ye ee be db 
seeaanct nottetvqug alpate Bono pus | i eam vy re ft need | 
ef OvIns qv) eonsent whoaed Sy. Nel rib ‘ot dot e8 in 
nat teluqay cas e209 pig a9 oe ¥ 
treat Phogte 6. sa fnundsont apswse ae | 
o4d tut bitin wh thad oats geum 4 
havsottetigod, som ainT .,babyfiar. Pe 
verte ‘lds Py6V notetyab 5 28) 


ie oe i ne 


\ 


“4 
Faln. 5 
iy a 


7 Pit 4) ¥ 
oe 

_. 

ae 


4 


asnetyount t6 sahvo nt afesd end AT iarew ui te enon 
sinetxs sontm 6 oa ,bos votew OFt2 st6) .Yetawievid Preorders 
aavate ta taubtv ihe nf bavod 2 Not 


flaw .%6sewhnavotp no yt evi ine hi 29h Fruenno bos’ ashore ts = 
4349 odd at vottups aoo%bed Todsml~dqiava od? mov? Yfaptal ste Ren as 
nottewwo? satis? add ontylssve vetiups ostyydyevo edd bie sate tained = 
ead of to save fersnao- a8 binds aka 

. tt =e 

v2Ts bas vettupe duorbad ay nt zifow to sadmun 6 hpsoitillab 26d dates a 
qu atotq dotdw 2pnteat FfotiA to matzye noltoal loo avFansyxs) 16 298). te. 
Shin nebyiithyeve ai & mox1t retew | 


2$ to 2eepxa of @f waoiwoe defoud Ine2o%q To ytiaeqap bets [ sto on 
2ebulon? wiupl? st? Jedd vevewad dua bavnroq ad bivere 37 ova 
feubtvibat ne to 75 bovine qead eved apattey Gg eriow fshigeubat saan ta 
fotteisao emounttnos to Yieuosned Tunte boqmg evow etfow (le 2 .2tesd f te ie 
sa2oln od bluow eaouloe seed Wt bToty i th oud 6 Pett Ifo? at i 
ffow (stufaubn! feranedeq att davoms abit 10 -b.p.0 C2 to spseveve ns oF” 
bio. @ Suede To blaty fehniareg # aunterant .b. p.m & Suods 2t Brat 
ot stow cov adz of eotadeutind 7F eeu feqhatmum OT aldelt sve ed bf 
_-xowds ef aseazu ¢naeerd © toga How beqolavab ytedd esti tte yt wa 
to sosoet Need 6 tiitw eitass ted .b.d.m: Ot et or. bse. m9 istomt af 
" 


~ 08 =. 


TABLE 7 


ADEQUACY OF PRESENT WATER SUPPLY SOURSES 


Estimated Perennial Approx.Present Per Capita Peak 
Municipality Yield (M.G.D.) (i Usage (M.G.D. Usage (G.P.D. Ratio 
Waterloo ae 4.0 104 1.3 
Kitchener 108535815 .2 11.6 105 E65 
Galt 4.7 134 Zee 
Preston 1220 3 110 16 
Hespeler 0.6 92 1.6 
Total for 
Megalopolis 24.8 - 29.5 Pee - - 
Guelph 9.0%-213..0 6.0 106 io 
Brantford L5..0 (2) 7.0 109 Ls? 


(1) OWRC Estimates 


(2) Rated capacity of the treatment plant. 
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1.5. The Guelph water supply is relatively hard, at 316 p.p.m. 
hardness, and in places contains iron slightly in excess of OWRC 
criteria for public supply. 


As with other communities in the area, treatment requirements are 
minimal. 


Kitchener and Waterloo, whose distribution systems are inter-connected, 
take all of their water from wells in the thick glacial overburden 
underlying and to the west of these centres. The total combined 
estimated perennial yield of their present well fields is somewhere 
between 12.8 m.g.d. and 17.5 m.g.d. (see table 7), compared with a 1970 
average daily pumpage of 15.6 m.g.d. Some of the existing well fields 
are being mined to the extent that with existing withdrawals, pumping 
water levels in the aquifers will reach the well screens by 1978 and 
cutback will be required. The groundwater being used in this area 
averages 300 p.p.m. hardness. It should be noted that large quantities 
of water are available in the area from the underlying bedrock, but 
high sulphate content makes it unusable and to date, economic treatment 
methods have not been developed. Treatment processes utilizing reverse 
osmosis could possibly provide a solution to this problem in the future. 


Galt, Preston and Hespeier take most of their groundwater from bedrock 
aquifers. The combined estimated perennial yield for all three 
municipalities is 12 m.g.d. compared with a 1970 average daily usage 
of about 6.6 m.g.d. (see table 7). The Galt and Preston distribution 
systems are inter-connected for emergencies. Most of the developed 
well capacity belongs to Galt and there have been small shortages 
experienced in Preston in the past. 


If we examine the estimated perennial yield for the entire Megalopolis 
and also project the future water demand, it would appear that there 
are adequate supplies to last until somewhere in the period 1973 to 
1978 without mining the aquifers appreciably. This implies a judicious 
usage of the present well fields developed by the Megalopolis. Study 
of present groundwater utilization in the Megalopolis area indicates 

a lack of integrated planning. Non-optimal well spacing results in 
interference among the wells of Galt, Preston and Hespeler. The same 
situation exists as regards some Waterloo and Kitchener wells, but 

also there is severe streamflow interference caused by groundwater 
takings of these two communities. In addition, the water table is 
lowered in some areas excessively by uncoordinated pumping of the aquifers 
and this can dry up wet lands and change the types of ground cover. 

In addition to the above, we feel that minimal costs for all of the 
people of the Megalopolis will be achieved through integrated planning 
for future supplies. 
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We recommend that all new water supply developed for the 
muntctpaltties of Kitchener, Waterloo, Hespeler, Preston and 
Galt (called the Megalopolts) should be based upon an integrated 
plan for potable water for the whole area rather than for any 
one muntctpaltty. 


PESTER AD SE RECOMMENDATION NO. 17 


The encroachment of urban development on well field recharge areas 

may also turn out to be a serious problem. Urbanization results in 

large areas exhibiting quick runoff characteristics due to extensive 
paving, roofing and various forms of drainage. If recharge areas 

are urbanized, the consequence will be reduced perennial yield for 

the affected well fields. As an example, sub-divisions are now 
approaching the Mannheim field which is a present source of supply and 
may be a key element in future recharge schemes. It would be unfortunate 
if a major supply source were to be lost to the Megalopolis due to 

urban encroachment on recharge areas. 


Aside from the Megalopolis, all other communities in the middle and 
upper Grand watershed depend upon local well water supplies which 
generally appear to be adequate in terms of both quality and quantity. 


In the lower Grand, the largest community is Brantford which treats 

water from the Grand River. The hardness of the water varies, depending 
on the season and river flows, but seems to average about 270 p.p.m. 

An adequate quantity of water is available from the river for any 
foreseeable growth of Brantford and the treatment plant capacity is 

rated at more than twice Brantford's present average usage. There have 
been taste and odour problems in the past, but in the last four years 
these seem to have been well under control. We feel that there is some 
risk to quality inherent in a water supply source from the river since 
there is a large concentration of population and industry upstream. 
Whether this risk is significant and whether it can be traded off against 
cost considerations is a question we have not been able to come to grips 
with in this report. With forecast growth of Brantford as shown in table 5, 
the capacity of the present water treatment plant would be exceeded on 
peak days by 1991. | 


Of the remaining lower Grand population centres, Caledonia and Cayuga 
would have to be considered as potential participants in any watershed 
supply systems. Caledonia is presently obtaining groundwater of poor 
quality from local wells, augmented by individual cistern storage. 
Cayuga has a small treatment plant utilizing water taken from the Grand 
River. As in Caledonia, individual home owners also store rainwater in 
cisterns. For both Caledonia and Cayuga, present supplies are barely 
adequate in terms of both quantity and quality to meet present demands. 
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Supplies will be completely inadequate if, as expected, growth in 
the area is stimulated by economic expansion at Nanticoke. 


Dunnville presently uses Lake Erie water and we have assumed that 
this would continue to be the case, regardless of what systems might 
be proposed for the rest of the basin. Paris presently has a satis- 
factory source of groundwater. Any major growth in the future could 
presumably be satisfied from further groundwater development in the 
glacial overburden several miles to the north of the town. 
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GENERAL DISCUSSION OF ANALYSIS METHODS 


Evaluation Criteria 


In the analyses carried out for this report, we have used as a primary 
evaluation criterion the "total system cost". In the Grand River Basin, 
there are potential conflicts among the objectives of different 
communities, different levels of government, and different departments 
within government. The total system cost includes all costs without 
reference to how they might be apportioned among participant agencies. 
Thus capital and operating costs plus householder costs (water softening 
equivalent) are included, as are benefits, as from flood control, which 
can be considered as negative costs. Planning options have been ranked 
according to the magnitude of their total system cost taken in present 
worth terms. As was discussed in the chapter on Flood Control, present 
worth takes account of when benefits and costs actually occur, weighting 
near-term dollars more heavily than those off in the future. The weighting 
factor used is a discount rate made up of components to reflect both 
inflation and the cost of capital. In the detailed comparisons of system 
costs which are given in the next chapter, a planning period of thirty 
years has been used with cost of capital of 7%, and inflation of 4% for 
land and construction and 3% for water softening costs and flood damages .* 


Because of grant structures and methods of financing, a planning option 
not having the lowest total system cost could be the cheapest in the eyes 
of a particular agency or community. However, if this were to be the 
case, it would necessarily follow that some other participant in the 
system would have to pay more than if the optimal option were chosen. 

It has not been possible to delve into the details of the rating structures 
that might result from the choice of each option. We have taken as 
obvious that the selection of the plan giving the least cost to the 
greatest number of participants should be made. It would then be (in 
principle) possible to resolve any individual inequities through follow-up 
analysis and negotiation. 


In actually evaluating the various planning options (see appendices 4 and 5), 
various considerations other than total system cost have been incorporated. 
These include: financial burdens on the municipalities; risk to the 
population; environmental consequences; reasonable water management 
technology; aesthetics and public acceptability. Any further development 
of the water management plans following this report must continue to stress 
all of these evaluation criteria plus the relationship of the different 
planning options to economic growth. 


Costing 


Cost elements that have gone into the evaluation of alternative plans 
include both capital and operating. Flood control benefits, softening costs, 
conflict costs, recreational benefits and pollution abatement requirements 


*In our sensitivity analyses of total system costs, we varied these percentages 
to study the effect. 
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have all been included either in the quantitative analysis or in 
subsequent subjective evaluations. 


All costs are approximate reconnaissance estimates, and are not based 
on detailed engineering studies. 


Capital Costs 


All capital costs have been assessed at 1971 prices (Engineering News 
Record Index of 1300) based on reconnaissance engineering design. In 
no case have previous design and costs from other studies been accepted. 
All projects have been costed on a comparative basis in line with the 
assumptions laid out in this report. 


Because of the lack of reliability of long term forecasts, no plan component 
has been considered that would entail completion of large scale construction 
after 1991. It has further been assumed that no large project could be 
completed before 1976 (other than the development of new groundwater 
supplies) and that costing would be based on each plan component becoming 
operational in one of the bench years (1976, 1981, 1986, 1991). 


Pipelines and treatment plants have been designed to meet expected peak 
day demands in 2001. For the larger communities maximum day has been 
taken as 1.6 times average day demand. It has also been assumed that 
because of large differences in the physical quality (hardness) between 
groundwater and lake water the two would not be mixed and pipelines and 
related facilities are designed to meet the total demands of any community 
on the system; i.e. pipeline water would completely replace groundwater 
sources, as has happened with the London, Ontario system. In designing 
all supply systems it has been assumed that delivery would be to a terminal 
point on the outskirts of each community. No allowance has been made for 
any necessary modification or extension to existing distribution systems. 


Groundwater well-field systems have been designed with auxiliary wells 

to meet maximum-day demands. Perennial yield has been used as the upper 
limit on well-field capacity with allowance for exceeding perennial yield 

on maximum days. No new systems have been designed where groundwater takings 
could cause undue streamflow interference. 


Operating Costs 


For pipeline systems, operating costs have been derived by assessing the 
labour, production and maintenance, pumping, treatment and general costs. 
Labour and general costs have been estimated from evaluation of the manning 
requirements at significant points through the planning period. To assess 
production and maintenance costs, a percentage of capital has been taken 
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depending on the type of equipment being costed. Pumping costs have 
been arrived at by applying Ontario Hydro rates to average and maximum 
flows. To obtain treatment costs, the treatment cost incurred in 
similar plants has been projected to the average day flows each system 
was designed for. 


Derivation of operating costs for internal sources has been on the same 
basis except that treatment costs on internal reservoir plants have 
been augmented by 10% of plant production costs to account for possible 
taste and odour problems. 


Costs of existing groundwater supplies have been taken as an average of 
$50 per million gallons for all communities. Brantford treatment plant 
costs have been set at $90 per million gallons (exclusive of transmission, 
distribution and debt repayment). 


Flood Control Benefits 


For all dams and combinations of dams, flood benefits have been estimated 
as described in Chapter 5. 


Recreation Benefits 


Recreational benefits have not been included in the quantitative analysis 
but have been considered subjectively on a post-optimality basis. The just- 
ification for this approach is that these benefits are relatively inconse- 
quential in tangible, economic terms when compared to water supply flood 
control and pollution abatement. Recreation benefits have been more 
thoroughly discussed in Chapter 3. 


We have not included pollution abatement benefits due to flow augmentation 
from reservoirs in our systems costs since our studies have not yet clarified 
the best long-term advanced treatment methods for the basin. For example, 

if land disposal should ultimately prove to be most effective and economical, 
then additional low flow augmentation would have negligible benefits on 

the streams presently having large impoundments. On the other hand, if 
at-plant advanced treatment is ultimately installed at municipalities, 
additional flow augmentation could defer some waste treatment expenditures. 
We have carried out preliminary evaluations on flow augmentation benefits 

in the latter case for the West Montrose Reservoir, trading off against 
installation of sand filtration facilities and the result was less than 

$1 million in present worth terms. Benefits from the Ayr Reservoir would 

be even harder to define and presumably smaller. Furthermore, until the 
computer simulation of water quality is completed, no realistic estimates 
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of pollution abatement benefits of flow augmentation can be obtained. 
Based on all this, we have not included pollution abatement costs (and 
benefits) in the system costs. It will also be noted from our 
recommendations and conclusions, that we have made no specific suggestions 
regarding construction of pollution abatement structures or equipment. 
This matter will be deferred for later study. 


Though there is an intimate relationship between pollution abatement and 
water supply requirements, it has not been possible to include explicitly 
the costs of pollution or the benefits of non-pollution in the quantitative 
analysis. Rather, a satisficing procedure has been followed. In the 

case of designing reservoirs, this has meant that a minimal base flow 

equal to the "lowest year of record" flows has been provided downstream 

of the dam before any plans have been made for use of the remaining 
impounded water. In practical terms, this implies that in the dry 

year the previously recorded lowest flow will be guaranteed, while in most 
years, the summer and fall low flows will be augmented. 


As already pointed out, no groundwater takings have been planned that 

could conceivably contribute to excessive streamflow interference. The 

only well development without streamflow replenishment that has been 
considered has been in the Grand Valley itself. The effects of this potential 
interference would be minimal in relation to total flows in the Grand 

River and can be ignored for all practical purposes. 


The satisficing procedure has necessitated a non-standard approach to 
evaluation of the West Montrose Reservoir. Rather than requiring basef low 
releases to meet dry year flows at Kitchener (185 c.f.s.), a more stringent 
requirement of 250 c.f.s. has been applied, since we feel that this can 

be guaranteed with existing reservoirs. 


softening Costs 


Traditionally, the individual homeowner in the basin has accepted responsibility 
for the cost of softening his water if he chooses to do so. This individual 
cost is excessively high (anywhere from $.50 to $2.00 per 1000 gallons as 
compared to $.09 to $.11 per 1000 gallons for municipally softened water). 
Because of the large difference in hardness of approximately 200 p.p.m. 
between lake water and internal water, account must be taken of either 

the cost of softening internal water to the lower level of hardness, or 

the intrinsic value of the softer water. This study team has opted for the 
latter alternative since it avoids extensive work in assessing complex 
municipal softening schemes. The value used has been $3.10/person/year 
which reflects the cost of extra soap etc. required with the harder water 
based on a study carried out by Howson (1961). The 1961 figure has been 
adjusted to account for inflation and the resulting benefits have been applied 
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as costs to each groundwater or reservoir scheme. It is recognized 

that some people would not consider that a cost penality should be 
assessed against hard water, but instead that because of its superior 
drinking water qualities, a benefit should be assigned to it. We 

have for now treated this consideration as an intangible. Those who 

take that view can regard the net cost before the softening correction 

as valid rather than the "total system cost". In that event, internal 
sources of supply are further enhanced when compared to Great Lakes water 
supply systems. 


Conflict Costs 


Probably the best example of potential conflict cost is the possible 

adverse effect on the Elora Gorge if West Montrose Dam is built. It 

is extremely difficult to put a value on a natural scenic attraction 

such as the gorge. If an optimal plan (from an economic point of view) 
includes construction of West Montrose, one can obtain an imputed value 

on the Elora Gorge by finding the second best solution and determining 

the difference in cost between best and second best plans. If the decision- 
maker decides to exercise the second best plan, he is in effect, saying 
that the imputed value of the gorge is greater than the cost difference. 


No conflict costs have been built into the quantitative analysis, with 
the understanding that should such conflicts arise they would be treated 
in subsequent considerations in the manner stated above. 


Notation 


For brevity of presentation, all planning options in the next chapter 
have been presented in a compact notation. Thus, for example, planning 
option (2) is denoted: 


LsEn2 676 
L0ys— M76,..G/6 


where L.E., L.0. refer to Lakes Erie and Ontario. The first line says 
that Brantford is to be part of a Lake Erie system in 1976, the second 
line says that the Megalopolis and Guelph would become part of a Lake 
Ontario system in 1976. The other abbreviations used are as follows: 


GR: expansion of Brantford water treatment plant and continuation on 
river supply. 


EV: construction of Everton Reservoir to maintain flow on Eramosa in 
conjunction with well development. 
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AYR: Ayr Reservoir with a treatment plant at the site. 


LH: Lake Huron pipeline. 


In all cases, the entries following the colon will refer to the cities 
which are on the particular system and the year when this would be 
operational. 
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ANALYSIS OF WATER MANAGEMENT OPTIONS 


As already discussed, suggestions have been made in the past to 
utilize the Great Lakes as a water supply source for various munic- 
ipalities in the basin. In particular, Lakes Erie, Ontario and Huron 
and Georgian Bay are geographically located so as to be possible 
Supply sources. We have not done any detailed analyses of a Georgian 
Bay source, as a preliminary evaluation of pumping costs indicated 
that it would be far too costly. A comparison of options involving 
the three Great Lakes is shown below, assuming importation of water in 
1976. For these three options it was assumed that Brantford would 
always be part of the Nanticoke-Lake Erie system since this was obviously 
less costly than a source of supply from the other two lakes. 


Net Present Worth of Capital plus 
Operating Costs 


Five Pe B76. He. G76* $105 600,000 
(2) we woe i $117,200,000 
(3) ae we ma $133,300 ,000 


As can be seen, the system based partly on Lake Ontario would cost 

almost $12 million more in present worth terms than one based entirely 

on Lake Erie, while a system based partly on Lake Huron would cost almost 
$28 million more. We are of the opinion that treated Lake Erie water 
would be of good quality and that similarly treated water from the other 
Great Lakes would offer no advantages over it. However, we do recognize 
that for Lake Erie to be a suitable long-term source, public acceptance 

is necessary and a commitment to pollution abatement action by industry, 
municipalities and water control agencies in Canada and the United States 
is required. Recent announcements by both countries offer hope in this 
regard, and we have chosen to adopt an optimistic point of view concerning 
the long-term quality of Lake Erie water. There has been a suggestion 
made in the past that a cheaper Lake Huron system could be developed for 
the Megalopolis by constructing a pipeline to London and utilizing water 
available at London. We feel that this suggestion is unworkable since 

the existing Lake Huron scheme was designed to meet only forecast London 
requirements. An attempt to force greater quantities of water through 

the system than provided for in its design would result in unmanageable 
water-hammer problems. We have thus been led to the costs of a Lake Huron 
supply as shown in option 3. 


*For a description of the notation and terminology used here, please refer 
to Chapter 7. 
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It is our opinion that on economic grounds Georgian Bay and Lake 

Huron should be completely eliminated as water supply sources for the 
basin. The case is not quite as clear cut for Lake Ontario. In the 
Middle Grand Report (OWRC 1966), it was stated that a Lake Ontario 
system would be less costly in terms of capital required than a Lake 
Erie system to the Megalopolis and Guelph. This judgement was made 
before the Nanticoke complex was planned, the fact that a substantial 
intake and pipeline system would be constructed from Lake Erie to supply 
Nanticoke, Hagersville, Jarvis, Lynn, Port Dover and presumably Caledonia 
and Cayuga, would reduce considerably the capital required to provide 
Lake Erie water to the Megalopolis. In fact, our analysis confirms 

that with present population forecasts, a Lake Ontario based system 
would be more costly than a Lake Erie system both in terms of capital 
and operating costs. If a major shift in population or water demand 
should occur due to presently unknown factors, such as the location of 
the new international airport, then Lake Ontario could conceivably be 

a viable alternative. As a conclusion, the obvious Great Lakes source 
would be Lake Erie, but under some circumstances Lake Ontario might 

be competitive. 


The largest component of cost of a lake-based water supply would be 

for the Megalopolis. If a pipeline were to be built from Lake Erie to 
service the Megalopolis,it is important to determine when it should come 
into service. As we have earlier discussed, there appears to be adequate 
groundwater already developed or exploitable to supply the Megalopolis 
until about 1981. We have determined that it would be less expensive to 
develop this groundwater than to construct a Lake Erie pipeline to be 
ready by 1976 (the earliest date likely). If the pipeline were deferred 
beyond 1981, other supplementary supply sources would have to be developed. 
Some of these which we have examined include utilizing the West Montrose, 
Ayr and Barrie Hill reservoirs to delay the pipeline construction date. 
In all cases we have found that if the pipeline is to be constructed, 

the optimal time for completion would be about 1981 based upon population 
forecasts used in this report. 


If, for the moment, we assume that a Lake Erie pipeline is constructed 

to service the Megalopolis in 1981, and further that groundwater (and the 
Everton Reservoir to maintain baseflow in the Eramosa River) provides 

the Guelph supply, then the following three options can be compared: 


Net Present Worths 


Net (Total 
Capital Plus Flood Control Softening System 
Operating Costs Benefits Net Correction Cost) 
(15) L.E.: B91,M81 $106 ,600,000 $4,300,000 $102,300,000 $9,000,000 $111,300,000 
EV>: ‘G81 
(23) sl. Eos M81 $112,900,000 $4,300,000 $108,600,000 10,100,000 $118,700,000 
EV: , G8l 
G.R.> bol 
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(15) and (23) differ only to the extent that in the former Brantford is 
assumed to join the pipeline scheme (already assumed constructed to the 
Megalopolis in 1981) in 1991, while for the latter Brantford would 

remain on the river supply and expand its treatment plant in 1991. This 
comparison shows that for Brantford to also be part of the pipeline system 
in 1991 would have a cost (present worth) of about $6 million less than 
if not part; and considering flood control and softening, the difference 
would widen to over $7 million. Comparing (15) versus (16) shows that 
Brantford should become part of the pipeline system to the Megalopolis, 
at the same time as the segment to the Megalopolis is built. A further 
cost saving over option (15) of $2 million would be realized by not 
delaying until 1991; and including flood control and softening, this 
would widen to about $4 million. On the other hand, if a pipeline is 

not constructed to service the Megalopolis in 1981, our calculations 

(not displayed) indicate that the cost (present worth) to Brantford would 
be $5 million less to expand its treatment plant in 1991 and retain a 
river supply, and $4 million if a correction for softening is included. 


We recommend that Brantford should temporarily continue its 

water supply from the Grand River, pending an ultimate deciston 

on the long-term supply for the Megalopolis. If the Megalopolts 
obtains tts long-term supply from the Nanttcoke-Lake Erie system, 
then Brantford should also obtain thetr supply from thts source. 

If the Megalopolis does not obtain their supply from the Nanttcoke- 
Lake Erie system, the least costly alternative for Brantford would 
be to continue obtaining supply from the Grand River. 


hig Rater he meus RECOMMENDATION NO. 18 


If we now turn for a moment to Guelph, the following two options are 
relevant: 


Net Present Worths 


Net (Total 
Capital Plus Flood Control Softening System 
Operating Costs Benefits Net Correction Cost) 
(15) L.E.: B91, M81 $106,600,000 $4,300,000 $102,300,000 $9,000,000 $111,300,000 


EV.c 4,681 


(21) L.E.: B91, M81 $120,600,000 $ 0 $120,600,000 $6,000,000 $126,600 ,000 
G81 
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As can be seen, the only difference here is that: for (15) Guelph 

would obtain supply from groundwater along with use of Everton 

Reservoir to maintain baseflows in the Eramosa River; for (21) 

Guelph would obtain water from Lake Erie in 1981. Option (15) is 

about $14 million (present worth) less costly than option (21) and 

the difference becomes even greater with the inclusion of flood control 
benefits from the Everton Dam and softening corrections. We feel that 
there are no adequate reasons to change the existing water supply sources 
for Guelph over at least the next 30 years, except that further ground- 
water development will be necessary. 


We recommend that Guelph should obtain tts long-term water 
supply from groundwater sources, wtth careful planning of well 
development so as to prevent reduction in base flows of streams. 


hae aun ote RECOMMENDATION NO. 19 


Our studies indicate that future supplementary water supply for Guelph 
beyond 1981 could be developed along the Eramosa River. This would, 
however, reduce groundwater discharge to the river and drastically reduce 
Summer baseflows. The Everton Reservoir, if built, could be used to 
maintain satisfactory streamflows. In addition, in Chapter 5 on Flood 
Control, it was seen that our present information indicates that the 
benefit-cost ratio of the Everton Reservoir due to flood control benefits 
alone exceeds one. We thus feel that the Everton Reservoir is supportable 
on the grounds of both flood control and also of maintenance of stream- 
flows in the Eramosa River. 


We recomnend that land for the proposed Everton Reservotr, on the 
Eramosa River, should be purchased as tt becomes avatlable, but 

that the dam should not be constructed until further evaluations 
related to flood control and groundwater are completed. We further 
recommend that tf the Everton Dam ts constructed, an ecological 
study should be carrted out to minimize any possible adverse effects 
on the Eramosa River. 


See eer RECOMMENDATION NO. 20 


We feel that ecological considerations should be incorporated in formulating 
the reservoir operating system to reflect the fact that summer basef lows 
will be in large measure made up of reservoir releases while the river 

in its natural state during low flows is almost completely composed of 
groundwater. The effects on aquatic life of this difference should be 
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studied and steps taken to minimize any adverse consequences. 


In the chapter on Flood Control, it was seen that the Arkell Reservoir 
would have greater flood control benefits than those for the Everton; 
however, for an overall water management option, the Everton Reservoir 
results in lower costs. The difference is essentially because with an 
Arkell system water would be taken directly from the reservoir into the 
distribution system. The treatment plant and costs would be large and 
would more than overshadow the large flood control benefits of Arkell 
versus Everton. In the event that future groundwater development can be 
shown to present no stream reduction problems for the Eramosa River, 
the question of whether the Arkell or Everton site would be superior 
could be reviewed. For the present, we feel that the arguments favour 
the Everton site and land should be acquired as it becomes available 

to prevent development and subsequent added expenses. 


For the Megalopolis, we have narrowed down the water supply alternatives 

to three: one based upon a Lake Erie pipeline by 1981 and the other 

two based upon the Ayr Reservoir being built by 1981. The water management 
options for the basin relating to the first two situations are summarized 
below under (16) and (R5). 


Net Present Worths 


Net (Total 
Capital Plus Flood Control Softening System 
Operating Costs Benefits Net Correction Cost) 
(16)71E.< 681, Mel $104,5200,000 $4,300,000 $99,900,000 $ 7,800,000 $107,700,000 
EV: sG81 
(R5) G.R.: B91 $ 86,300,000 $8,300,000 $78,000,000 $22,100,000 $100,100,000 
AYR: M81 
EV: G81 


Option (16) would provide water via a Lake Erie pipeline to the communities 
of the Megalopolis in 1981. Option (R5) would provide water supply by 
utilizing the impounded water directly from the Ayr Reservoir after suitable 
treatment. We have assumed that water treatment would be provided for all 
of the Megalopolis from a treatment plant located at the reservoir site. 

It will be seen that both options include the optimal supply alternatives 
for Brantford depending upon the course of action followed by the Megalopolis. 
It may be seen that the system based on internal sources, viz (R5) is 
approximately $18 million (present worth) less costly than that based on 
Lake Erie. Including flood control benefits and a softening correction, 
this difference narrows to about $7 million. If we extend the period of 
operation of the system from the year 2001 to 2021 (but hold the population 
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and demand constant at the 2001 level), the cost difference remains 

at about $18 million (present worth), but including flood control and 
softening corrections the difference between the two options becomes 
negligible. We can, therefore, see that ignoring softening costs, 

which has been the procedure used in all previous studies on water supply 
for the basin, would lead to a clear economic advantage of an internal 
supply source based on taking water directly from the Ayr Reservoir 

over any Great Lakes pipeline. Our economic criterion includes the 
softening correction and results in a clear choice not being apparent 
between the two systems. Further, as the planning period is made longer, 
the economics of the reservoir system compared to the pipeline become 
less favourable. A number of considerations of an intangible or 
(presently) non-quantifiable nature assume importance due to the narrow 
economic advantage of the reservoir-based system over the pipeline: 


(1) More detailed engineering cost estimates could either narrow or 
widen the difference. 


(2) Softening corrections are subject to a very large error and a good 
case could be made for them being higher than estimated, thus 
lending support to the pipeline. 


(3) A large segment of the population would prefer hard water for 
drinking purposes, and this is perhaps a plus for the reservoir 
Supply. 


(4) Quality problems due to algae growth could be significant in the 
reservoir. Satisfactory treatment can be installed to eliminate 
these problems, but our cost estimates may be considerably too 
low (or high) since the extent of the problem will not be known 
until the reservoir has been in existence for several years. 


(5) Public acceptance of a direct reservoir source is not known and 
could be mixed or negative. 


(6) The Lake Erie pipeline would import about 130 c.f.s. of water into the 
basin which would presumably produce benefits to streamflows. 


(7) Population changes from those forecast in the report are quite possible. 


(8) A pipeline system would probably produce greater stimulus for 
economic growth than a direct reservoir system, although this can 
be used as an argument against either scheme according to the point 
of view adopted. 


(9) There would be considerably different financing problems and a 
smaller amount of capital to be raised, especially in the next ten 
years, for the reservoir system. 


Based upon these considerations, and probably others, it is clear that 
simple economic calculations are an inadequate base for a recommendation. 
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We think that should the final choice come down to either a Lake Erie 
pipeline or direct water supply from the Ayr Reservoir, a further 
review of these various factors including particularly public attitudes, 
Should be the basis of the decision. 


Another very crucial aspect of the problem must now be discussed. The 
Megalopolis alternative presented in option (R5) is based upon 

utilizing water from the Ayr Reservoir directly, after passing through 

a treatment plant, as a supplementary source for the Megalopolis. For 
the third option, we have investigated the concept of using the Ayr 
Reservoir to recharge groundwater aquifers used for water supply by 

the cities and towns of the Megalopolis. Such a scheme would offer three 
principal advantages over direct supply from the reservoir: 


(1) all water supply for the Megalopolis would continue to be ground- 
water, of approximately the same characteristics as the present 
supply; 


(2) the groundwater recharge scheme could conceivably be considerably 
less expensive, since the large and costly treatment plant at the 
reservoir would not be needed; and 


(3) fewer objections on possible quality or aesthetic grounds could be 
anticipated, and in particular, the water would be considerably 
cooler than directly from the reservoir. 


We feel that with the economic advantages of (R5) over (16), and the 
further possible improvements in cost and acceptability which might be 
incorporated into (R5) by modifying it to a recharge scheme, the likely 
best future water supply for the Megalopolis would be based upon the 

Ayr Reservoir being constructed, and used as part of a groundwater 
recharge scheme. However, at this point we have not completely rejected 
the Lake Erie alternative since sufficient information is not available 
to prove the cost and feasibility of the suggested recharge scheme. In 
particular, we do not have any good estimates for such parameters as 

the recharge rate which could be expected, the capture efficiency of the 
recharged groundwater and even the suitability of various areas. The 
actual location of the recharge areas would determine the cost of 
transporting the recharge water from Ayr. Furthermore, a number of other 
cost elements could only be estimated after detailed field investigations. 


We recommend that a detailed field study be carried out, starting 
within the next year, to establish groundwater avatlabtlity and 
quality, arttftietal recharge rates, streanflow interference effects 
and development costs for recharge schemes and new well fields in 

the Megalopolis and Guelph areas. As a first step, analysts should 
be undertaken to determine the optimal groundwater management program 
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and yteld for existing well ftelds. Concurrently, sufficient 
field work should be done to establtsh reconnaissance estimates 
for recharge schemes and subsequently for drilling schemes. The 
program should be set up wtth suffictent flextbtlity that tt 
may be terminated wtthout major expenditure of funds tf results 
are not promtstng. 


eiateere ra le cela RECOMMENDATION NO. 21 


This program could take three to four years to carry out and costs over 
that period have been estimated at about $600,000. If properly set up, 
the work could be terminated at various points along the way if results 
were not favourable. On the other hand detailed pilot work would generate 
considerable costs in excess of those estimated, but these would only be 
expended if a decision to proceed with the recharge scheme was made. The 
savings which might accrue from the groundwater-recharge scheme versus a 
Lake Erie pipeline cannot be estimated until the study outlined in 
recommendation number twenty-one is carried out. However, to illustrate 
the possible worth of the study, reasonable assumptions about some of the 
unknown factors produced an estimated cost (present worth) of $29 million 
less than for the Lake Erie system or $18 million including softening 

and flood control corrections. It must be stressed that at this point 
these numbers are purely speculative. 


In the recommendation, the first step is the determination of an optimal 
groundwater management program for the existing wells. This would be 
accomplished by constructing a mathematical model to analyse the hydraulic 
response of the aquifer system. Test drillings might be required to 
provide hydraulic data for the model in some areas. Among other things, 
we feel that one of the benefits of this model would be to develop more 
efficient procedures for mining the presently utilized aquifers and thus 
determine more accurately, the life of present supply sources. 


Based upon the lack of present information to confirm the best long-term 
course of action for the Megalopolis (and therefore Brantford), the fact 
that large amounts of money are at stake, and our determination that 
sufficient existing and developable groundwater is available to provide 
supply for the Megalopolis until about 1981, then: 


We recommend that the municipalities of the Megalopolts should 
continue to utilize groundwater for thetr supply at least until 

the pertod when a review of the results of the groundwater study 
(recommendation 21) ts completed. Subsequently, a further evaluatton 
of long-term water supply opttons for the Megalopolts should be 
carrted out with parttcular emphasts on systems based on the Ayr 
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Reservoir and a Lake Erie ptpeltne as alternatives. Thts 
further evaluatton should tneorporate the economic, soctal and 
water management tmpltcations of the vartous schemes. 


re Sere « RECOMMENDATION NO. 22 


Assuming a 5 year lag between decision and facility completion for 
pipeline, Ayr treatment plant, or groundwater recharge schemes, a 1981 
date implies that a final decision need not be made before 1976. Our 
evaluations have shown that in terms of present worth, it is more 
economic to build a final system in 1981 than in 1976, and in addition, 
more reliable population projections should be available five years hence. 
All of these factors offer further support to the above recommendation. 


Since the Ayr Reservoir is an essential component of one of the two main 
water management options, and since we further feel that additional 
studies are likely to confirm its superiority, it would be wise to ensure 
that land will be available for the dam and impoundment if and when 
required. 


We recommend that land for the proposed Ayr Reservotr on the 

Nith River, should be purchased as it becomes available, but that 
the dam should not be constructed nor detailed destgn carried out 
unttl the results of further studtes and evaluations (see recommen- 
dattons 21 and 22) confirm tt as part of the long-term water supply 
system for the Megalopolis. 


eee RECOMMENDATION NO. 268 
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COMPREHENSIVE BASIN PLANNING 


We have, based upon our work over the past nine months or so, reached 

a number of conclusions and made specific recommendations concerning 
water management planning for the Grand River Basin. However, as 
already noted, large amounts of essential information are not available 
and extremely complex analysis problems remain. In our "Summary and 
Recommendations" at the beginning of the report, we made 9 recommendations 
concerning future studies required for a comprehensive basin plan to 

be soundly established. This covers only the major identifiable 
deficiencies in our data and analysis tools and is by no means completed; 
not covering in sufficient degree, information regarding land use, 

social and attitudinal questions, industrial development, recreational 
planning and so on. We feel that it would be undesirable to terminate 
the thrust which we have started and to allow future efforts to again 
become fragmented with the inherent inefficiencies and misunderstandings. 
We suggest that the issues at stake are of great importance and should 

be followed through under the auspices of a continuing study. 


It is worth perhaps noting that comprehensive basin management studies 
are by no means rare. Many such efforts are under way in the United 
States (Delaware, Potomac), in the United Kingdom (Trent), and in 

Canada (Okanagan, Saint John, Saskatchewan-Nelson, Qu'Appelle), among 
others. To put the problem of river basin planning in proper perspective, 
we have reviewed the studies being carried out for the four Canadian 
situations mentioned. The Saint John study has, to date, involved about 
one year, during which a number of technical investigations, including 
the development of mathematical models and simulations to analyse 
pollution abatement alternatives, were carried out. It is expected 

that another three years will be required to complete the study. The 
Saskatchewan-Nelson study is a four year, $5 million effort mainly 
involved with evaluating the surface water resource of the river system. 
Clause 6 of the agreement between Canada, Alberta, Saskatchewan and 
Manitoba provides that: 


"In carrying out the study, the Board will consider the engineering 
feasibility and cost of the many combinations of storage and/or 
diversion works needed to provide a firm supply of varying amounts 
and with varying seasonal distributions, at various selected points 
along the river system." (Durant 1970) 


This study, although involving a much larger river system than the 

Grand, does not have some of the complexity of the latter where large 
populations, waste disposal and groundwater are all considerations of 
greater importance. In addition, the Saskatchewan-Nelson study will not 
actually produce water management plans, but instead a very sophisticated 
water inventory upon which planning can later be based. 
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A related study also underway on a tributary of the Saskatchewan- 
Nelson system is the Qu'Appelle River Basin Study, a three-year 
effort to cost an estimated $460,000. In this case, the study 
emphasis appears to be on identifying sources of pollution, require- 
eAssh on water supply to the year 2000 and the preparation of a land 
use plan. | 


Finally, the Okanagan Study will cost $2 million and take four years 
to produce "a comprehensive framework plan for the development and 
management of water resources for the social betterment and economic 
growth in the Okanagan Basin". (Hodges 1970) 


We have quoted from these four studies to show the scope of the 

efforts required to resolve water management problems for major river 
basins. All of these studies have adopted an approach rather similar 
to ours,including the extensive use of mathematical models and computer 
analysis. Of course, they have been set up in a much more formal 
manner and have been able to plan out their activities over the long 
term. To indicate the effort put into the preparation of our present 
report, over five man years have been spent by members of our study 
team and others from the OWRC and the Department of the Environment 
over the past nine months. 


This present report has attempted to address the most critical or 
contentious problem areas and to make specific recommendations to over- 
come them. It has also made recommendation to carry out the further 
investigations necessary to resolve water management problems for which 
there are presently insufficient data or understanding. In particular, 
we have deferred final judgement on the major expenses, such as a 

Great Lakes pipeline and a good part of the GRCA reservoir program. It 
is essential that the momentum produced by our efforts to date not be 
dissipated through a cessation of the study or a return to the fragmented 
approaches of many past studies. The coordination of the study program 
among the various government departments should continue and be expanded 
to further involve local groups and agencies concerned with water 
management planning. 


This coordination would ensure that the specific point of view of any 

One government department or agency would not prevail independent of other 
valid opinions. With the divided water management jurisdiction throughout 
the government plus the large financial and regional development 
implications, we feel that the future coordination of this study would 
best remain with a central agency of government, such as the Treasury Board. 
We do not feel that a specific river basin study team independent of other 
departmental responsibilities and with its own budget is necessary to 
carry out this study. 
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Completion of the studies recommended in our Summary and Recommendations 

as well as other necessary data collection and analysis would probably 

take three to four years. The costs would depend very much upon 

whether the bulk of the work was done by external consultants or internally 
(which we would recommend) . Our preliminary estimates of the cost of 
these investigations, including costs of the staff assigned, would be 

about $2 million. These estimates would have to be firmed up for actual 
budgeting purposes. 


We recommend that a multt-dtsctplinary planning tean, within 
government, should coordinate the conttnutng development of a 
comprehenstve water management plan for the Grand River Bastn 
and in parttcular, should carry out or coordinate the carrytng 
out of the vartous studtes outlined tn the recommendations. 
Staff asstgned to the planning team should be relteved of 
suffitetent other duties to make thetr contrtbution reflect the 
tmportance of the assignment. 
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APPENDIX I 


SIMULATION OF THE GRAND RIVER BASIN 
TO STUDY WATER QUALITY PARAMETERS 
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3. The Prototype Simulation 75 
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Introduction 


Recommendation 6 of this report stated that water quality standards 
and further planning evaluations related to river quality and 

effluent loading guidelines in the Grand River Basin should be based 
upon a computer simulation. The reasons for a computer simulation 

and the type of simulation model envisaged are summarized in section 2 
of this appendix. A prototype simulation of the Grand River Basin 

has already been carried out. This is described in section 3. A 
discussion of possible ways of extending and improving this prototype 
is given in section 4. 


We have included this detailed discussion of the proposed water quality 
simulation here because the approach and techniques used are probably 
not very familiar to many persons who will read this report. 
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Simulation of the Grand River Basin 


A simulation of the Grand River Basin is envisaged as an important 
tool for the comparison of planning alternatives in terms of their 
effect upon river quality. There are many factors determining river 
quality, most of which have an inherent element of variability. 
These factors interact in a complex way to cause a variation in 
river quality which affects the survival of desirable life-forms. A 
computer simulation is able to take account of this variability in 
providing increased information about the possible effects of given 
planning decisions in the river basin. 


Some of these factors are: 


(i) the populations of cities on the river basin, the quantities 
and types of municipal and industrial sewage, and their 
variation within the day and through the year, 


(ii) rainfall and its effect upon storm sewer flows, infiltration 
into sanitary sewers, and urban surface runoff, 


(iii) variability in performance of sewage treatment plants, 


(iv) streamflows and their dependence upon rainfall and operation 
of dams, 


(v) environmental conditions and their effect on waste assimilation, 
dissolved oxygen concentrations, and algal photosynthesis and 
respiration, 


(vi) nutrients and their effect on algal populations and growth 
rates; 


(vii) the hydraulic characteristics of the river under varying 
streamf lows , 


(viii) land use and surface runoff, 


With suitable field study, it is, in general, possible to develop 
mathematical models of the above factors. These models can be 
incorporated into a computer simulation program so as to be able to 
better estimate the response of river quality under the influence of 
these factors. With this framework, it is possible to evaluate the 
consequences on river quality of planning alternatives such as; 


(a) construction of dams for flood control, recreation, or low- 
flow augmentation, 


(b) alternative treatment plant processes such as sand filtration 
or nutrient removal, 


aa ee 


dé | 
tisy bee : + a 49° i ce bg { Lie ut, ¥f Wp * , 
A .emwot-et ff sfder bite fort rue oid asoetts motdw: 
nh gel honaby pre INVOIAE § 48s ¢ ; sds tr roisetvat — 
nevite. to etastie sldteeod sity Snows ¢ HS Sanrio’ %: Ly 
bebeaant ian nt anole 2 


é 


sold tineup ont .atesd keen it ie ane i | 
ntedd bre .espewoe {stateubat bra: Tagts to ‘i eee 
s nkaa hn Sehvay 9 8 


it dpwewht ons 
~W69y oft iD + on Aab'@ net eae fa 5 ite 
no tisys Far ,awor? niowie (IOS 2 noqu ? 


t2ofte ec? itera a 
“ ttonw sostwwe nace ass eatin is ae . ‘ 


,2idalq Jnamisens spewee To: 


-  gortsisao. bag Tlatotat noqu sebuah tons ‘bra: ans aserte 
hil 0 PR to ie ah ae 
te" Le te 
notisl tates stash no dastte sheds bas ec alcheis fetnomntrytves () 
bas etoarsinyeqdong Tat ff DYE .2OTI6IINAINOD NBYXO bavideeth — 7 
fs nol genres 


Aawor baa enotdelayor tags no Soatte siobaer brig bet ( 
~~ a oer ae 7 


uolevab O37 9! dt eau ', fersne nf ,2e? at .ybwee ibe ‘ Q6y: 
od nso 2fobom geadT .ar0das? evade ait Yo 2tabom saarsen 

ot ofda ad.0d 26 Op, merpony nordalumte yasuque> pb x 

Yo sonauvltnt od vebaw ¥ii thine savin. to g2nogas’s of Mr Te9 

at? steufava of. stdfazoa at af  Avowans'1t eras Ag . 
-26 dove eaviseras is parang ig: to" vit fsup’ “avi dey a, 

~wol vo ,wotteavoe «fovtado bool? 10} emsb to nor 2 
i notysd sama or | 


aorservsiit onde es dove szasaura suatd: trengsety vider 
, fovoman. INET 


(c) construction of storage tanks at treatment plants for flow- 
equalization or quality-equalization, 


(d) diversion of wastes from one part of the river basin to 
another , 

(e) use of stream reaeration equipment , 

(f) alternative sanitary and storm sewer systems, including 


treatment of storm sewer wastes, 


A characteristic of a computer simulation is that a long period of 
actual time can be "simulated" in the computer in a matter of 

seconds. For this reason it is possible to consider the day-to-day 
effect on a planning decision on river quality throughout a future 
year of interest. By building the structure of the Grand River 

Basin into the computer program, the movement of water through the 
basin can be represented. This enables river quality to be calculated 
at different times and different points in the basin, so that the 
variation in quality is determined. 


The computer simulation can be designed to provide the type of 
information considered most useful by biologists, sanitary engineers, 
and others involved in river basin planning. Typically this might 
consist of probability distributions of the dissolved oxygen and 
biochemical oxygen demand concentrations at specified points in 
the Grand River Basin and at specified times of year. Other water 
quality parameters could also be evaluated. The interpretation of 
the output in terms of effects on biological diversity within the 
river would still have to be carried out by biologists and others. 
However, they would have greatly increased information on which to 
make these interpretations over what is available at present. We 
also recognize that the response of biota to chemical and environ- 
mental factors is by no means well understood, and the simulation 
proposed is not meant to resolve this question. 


This section has summarized the type of computer simulation that 

has been recommended. The following section describes the prototype 
already developed and discusses in more detail the way in which 

some of the factors are modelled. 
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The Prototype Simulation 


The prototype computer simulation described in this section represents 
an initial first attempt to demonstrate the feasibility and effort 
required to carry out development of such a planning tool. We have 
not attempted to incorporate all essential factors in the simulation 
at this stage, nor to optimize the computer programming and running 
time. Many parts of the simulation will have to be made more 
sophisticated and we have attempted to indicate where this is necessary 
in the following discussion. It should be stressed that although we 
see no severe technical constraints in terms of the model building and 
computer analysis steps, the data collection stage is of crucial 
importance to make an undertaking of this sort worthwhile. 


The prototype computer simulation represents the Grand River Basin 

by the system shown in figure 15. The system is divided into uniform 
reaches in order to approximate the complex changes in physical 
characteristics that occur along the actual river. Each reach is 
assumed to be an open channel of rectangular section, constant 

width, constant slope, and constant coefficient of roughness. 

Reaches are chosen so that sewage treatment plants pass their effluents 
into the stream at the head of a reach. The incremental streamflow 
from the drainage area between the head and the end of a reach is 
assumed to be injected into the stream at the end of the reach. Stream- 
flows passing into the system at Guelph (Speed River), Waterloo (Grand 
River), and Paris (Nith River) are accumulated streamflows from upstream 
drainage areas, taking into account any dams present in the planning 
alternative under consideration. 


The simulation considers the effect of the following factors upon 
water quality in this system: 


(+) sewage flow-rates at Guelph, Hespeler, Waterloo, Kitchener, 
Preston, Galt, Paris, and Brantford, as determined by the 
forecast populations of these cities, 


(ii) sewage effluent quality at each treatment plant as determined 
by the types of treatment process under consideration, 


(iii) partially controlled streamflows, as determined by the operation 
of existing and proposed dams upstream of Guelph, Waterloo, 
and Paris (on the Nith River), 


(iv) the interaction of the variability of each of the above 
factors. 


The water quality parameters considered are total five-day biochemical 
oxygen demand (B.0.D.) concentration and dissolved oxygen (D.0.) 
concentration. The total B.0.D. is determined as the sum of its 
filterable and non-filterable components, since these have significantly 
different assimilation rates in the river because of the sedimentation 
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Figure 15: GRAND RIVER SYSTEM 
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of the filterable component. The mathematical models used to calculate 
these concentrations take account of the decay of B.0.D. by micro- 
organisms, the consequent removal of D.0., the addition of D.0. by 
reaeration through the water surface, and the addition or removal of 
D.0. by photosynthesis or respiration of attached plants, such as 
algae. 


The simulation is presently designed to consider the period from May 
through November or any subset of this period. The remainder of the 
year should be designed into the simulation if further development work 
is carried out. This allows for representation of the seasonal trends 
in sewage flow-rates, streamflows, and river temperature. In order to 
evaluate the effect of variations occurring on a shorter time scale, 
such aS within-day variation in the net rate of oxygen production by 
attached plants, the characteristic time unit used has been eight-hours. 
The state of the system is therefore examined during each eight-hour 
period separately. The actual time increment used in a refined 
Simulation would be determined by a tradeoff between desired accuracy 
of predicted results and costs (due to data collection and computer 
processing). 


In order to simulate the effect of a given planning decision on 
river quality in a given future year, certain input data must be 
specified. These data include: 


(i) the months of the year to be simulated, 


(ii) for each sewage treatment plant, the coefficients of a 
multiple regression model used to calculate sewage flow- 
rate on each day of the season. These coefficients implicitly 
define the populations served by the sewage treatment plants. 
The regression model takes into account the variation in flow- 
rate with the particular day of the week, 


(iii) for each sewage treatment plant, the parameters defining 
probability distributions for total and non-filterable B.0.D. 
concentrations in the plant effluent, and a constant 
specifying the percent of filterable B.0.D. removed by 
tertiary treatment, if present, 


(iv) for each sewage treatment plant, parameters defining a within 
day pattern of sewage flow-rate variation, and parameters 
defining a within-day pattern of B.0.D. concentration 
variation, 


(v) for each sewage treatment plant, the effluent dissolved oxygen 
concentration, 


(vi) for each upstream streamflow source (Guelph, Waterloo and Paris) 
and each month of the season, a probability distribution of 
stream flow-rates. These distributions are assumed to take 
into account the operation of existing or proposed dams. A 
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flow-rate selected from the distribution is assumed fixed 
for the month , 


(vii) for each month of the season, a probability distribution of 
uncontrolled incremental flow rates arising from drainage 
area above a suitably chosen river gauging station. This 
distribution is used to determine the incremental stream- 
flows to be injected at the head of each reach, 


(viii) the average river temperature for each month in the season. 
These temperatures are used to correct B.0.D. decay rates, D.0. 
removal rates, reaeration rates, and D.0. saturation concen- 
trations for temperature, 


(ix) for each reach in the system, the length of the reach, the 
coefficient of roughness, the average width, and the average 
slope. These are used to calibrate a hydraulic model ("Manning's 
formula") with which velocities of the stream are calculated 
from flow-rates. This particular portion of the prototype 
simulation is presently very inaccurate and would have to be 
improved before useful results could be generated, 


(x) for each reach in the system, the filterable B.0.D. decay rate 
constant, the non-filterable B.0.D. decay rate constant, the 
D.O. removal rate constant due to filterable B.0.D. decay, 
and the D.0. removal rate constant due to non-filterable B.0.D. 
decay, 


(xi) for each reach in the system, the net rate of oxygen production 
per unit area by attached plants during each of the three 
permods= Marini - Grating 9 a.m = Sep. 77S? prime? =) a.m) 


(xii) for each reach in the system, a pro-rating factor for the 
amount of stream-flow injected at the head of the reach, 
constants specifying the filterable and non-filterable B.0.D. 
concentrations in this flow, and constants specifying the 
percent saturation by D.0. These constants can be chosen in 
such a way as to define within-day patterns of concentration 
variation. 


The above input data implicitly specifies the conditions to be 
simulated, as determined by the planning alternatives under consideration. 
The prototype simulation allows a certain flexibility in the type of 
information which can be requested for output when the simulation run 

is completed. In general, the output makes statements about the 
frequency with which certain quality standards are violated at different 
points in the system and at different times of the year. Examples are 
given later. Also see figures 7 and 8 in the main body of the report 

as typical output examples. Requests for output are made by specifying 
in the input data points of interest in each reach, quality standards, 
material of interest (only B.0.D. or D.0. may be specified at present), 
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months of interest, and whether violations of standards are to be 
counted on a daily or an eight-hour basis. 


A simulation "run" proceeds in the following general way. For each 

day of the season and for each sewage treatment plant, a filterable 

and non-filterable B.0.D. concentration are selected at random using 
the specified probability distribution and taking into account advanced 
treatment if present at the plant.* In addition, the effluent flow- 
rate at each plant is calculated taking into account the day of the 
season, day of the week, and a random component. The within-day 
patterns are imposed on these B.0.D.'s and flowrates, and then the 
effluents are mixed with the stream assuming instantaneous and perfect 
latitudinal mixing. The qualities of the streamflows into which the 
effluents are mixed are determined by the effluents of any upstream 
treatment plants and the background quality of streamflows. At present 
the background quality is treated deterministically, although it should 
more ideally be treated as a probabilistic process. The times taken 
for water in the stream to pass from one plant to the next are determined 
by the velocities of the stream in the appropriate reaches. These 
velocities depend upon the flow-rates, which in turn depend upon run- 
off and sewage flowrates accumulated upstream. These times also 
determine the change in quality of water passing down the system, 

using the mathematical models mentioned earlier. The state of the 
system during each eight-hour period of this day is therefore known. 
The program checks for violation of specified quality standards at 

each specified point in the sytem. Any violations are noted. The 
Simulation then moves on to the next day of the season. 


The above procedure is repeated for each day of the season. In order 

to allow full interaction of the different elements of variability, the 
program repeats the simulation of the season a number of times (specified 
in the input data). Each simulated season differs from the next 

mainly according to the streamflows selected each month from the 
distributions of streamflows specified for Guelph (the Speed River), 
Waterloo (the Grand River), and Paris (the Nith River). For a given 
Simulated season the streamflows selected reflect the wetness of that 
season. This enables the random variability in climatic conditions 

to be taken into account. 


A more detailed description of the causal structure of the simulation 
outlined above is given in figure 16. 


* for types of advanced treatment where actual operating data is not 
available, informed estimates of the range of performance would 
have to be made subjectively. 
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mllpeils: 


CAUSAL STRUCTURE OF SIMULATION 


POPULATION AND PER CAPITA 
SEWAGE FLOW-RATE OF CITY 


SERVED BY THE Ssiek 


DAY OF WEEK 
DAY OF SEASON 


RANDOM ELEMENT 


PARAMETERS FOR EFFLUENT 
TOTAL B.0.D DISTRIBUTION 


RANDOM ELEMENT 


PARAMETERS FOR EFFLUENT 
NON-FILTERABLE B.0.D. 
DISTRIBUTION 


RANDOM ELEMENT 


PERCENT FILTERABLE B.0.D. 
REMOVED BY TERTIARY 
TREATMENT 


MONTH OF SEASON 


WETNESS OF SEASON 


STREAMFLOW DISTRIBUTION 


MONTH OF SEASON 


WETNESS OF SEASON 


PRO-RATA CONSTANTS 
FOR DRAINAGE AREA 


UNCONTROLLED 


STREAMFLOW 
DISTRIBUTION 


EIGHT HOURLY D.O. 
PERCENT OF STREAMFLOW 
SATURATION 


TEMPERATURE 
FOR MONTH 


DAY'S SEWAGE EFFLUENT 
FLOW-RATE 


WITHIN-DAY PATTERN 
OF FLOW VARIATION 


DAY'S TOTAL B.O.D. 
CONCENTRATION 


DAY'S NON-FILTERABLE 
B.O.D. CONCENTRATION 


WITHIN-DAY PATTERN 
OF B.0.D. VARIATION 


STREAMFLOWS FROM 
UPSTREAM AT GUELPH, 
WATERLOO AND PARIS 


EIGHT-HOURLY FILTERABLE 
AND NON-FILTERABLE BO.D 
CONCENTRATIONS FROM 
RUNOFF AND UPSTREAM 
STREAMFLOW 


UNCONTROLLED 
STREAMFLOWS 


INJECTED AT HEAD OF 
EACH REACH 


EIGHT=HOURLY D0. 
CONCENTRATIONS IN 
UPSTREAM STREAMFLOWS 
AND UNCONTROLLED 
INCREMENTAL 
STREAMFLOWS 


e1GHT=HOURLY 
SEWAGE EFFLUENT 


FLOW- RATES 


EIGHT-HOURLY 
FILTERABLE AND 
NON- FILTERABLE 
B.0.D, EFFLUENT 

CONCENTRATIONS 


EIGHT-HOURLY 
DOs BFELUENT 
CONCENTRATIONS 


HYDRAULIC 
MODEL 


WASTE 
ASSIMILATION 
MODEL 


DISSOLVED 
OXYGEN 


MODEL 


INITIAL CONDITIONS 
OF STREAM FLOW- 
RATE AND QUALITY 


FOR THIS DAY ON 8 
HOUR BASIS AT HEAD 
OF EACH REACH 


PREVIOUS DAY'S 
INITIAL 
CONDITIONS 


STREAM QUALITY 


THROUGHOUT SYSTEM 
ON THIS DAY 
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Output produced by the prototype simulation is basically one of two 


types. An example of the first type is (with artificially chosen 
numbers ) : 


Percentage of days in August when the total 5-day B.0.D. 
concentration violates the standards specified in the 


reach from Point A to Point B at a distance of X miles 


below A (where A, B, X would be specified) 


4 mg/] = 72% 
5 mg/1 = 48% 
6 mg/1 = 30% 
10 mg/1 = 1% 
20 mg/1 = 0% 


A violation of a standard on a day is considered to have occurred if 
the average concentration during any of the three eight-hour periods 
of the day violates the specified standard. Alternatively this output 
can be expressed in terms of the percentage of eight hour periods in 
which a violation has occurred. These kinds. of output can also be 
produced for D.0., for different months of the season, for different 
points in each reach, and for different quality standards. 


An example of the second type of output is (with artificially chosen 
numbers ): 


Probability that the total 5-day B.0.D. standard of 
6 mg/l is violated on at least N days during August 


in the reach from Point A to Point B at a distance of 
X miles below Point A 


Ne Se Lee ree ,10 : probability = 1 

N= 1] : probability = 0.9 
N= 12 : probability = 0.8 
N= 13 : probability = 0.6 
N= 14 peprobabil i tys= 2053 
N= 15 : probability = 0.1 
NRL Vise. wae: »31 : probability = 0.0 


The first type of output may be interpreted as an estimate of the 
chances of the various standards being violated on any day in August, 
and may be of interest when short term effects are being considered. 
The second type of output indicates the severity of the water quality 
problem when longer term effects, such as survival of a fish 
population in that stretch of river, are of interest. Both types 

of output are prototypes and can easily be modified in any future 
development of the computer simulation. The actual form and content 
of the output would be carefully chosen so as to provide the 
information most useful to the various disciplines involved in the 
planning process. 
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Conclusion 


Based on experience gained during development and use of the prototype 
several aspects of the simulation have been identified as needing 
further study and field data collection in order to improve their 
realism. Other factors not at present included in the prototype require 
study for possible inclusion in a more advanced simulation of the 

kind described in section 2. Some of these are as follows: 


(i) Field study is required in order to better calibrate 
hydraulic models of the river reaches. This would 
improve the accuracy of the stream velocity, depth, 
and reaeration rate calculations. 


(ii) Field study is required to develop a more realistic 
model for background quality of streamflows and run-off. 


(iii) Day to day variations in streamflows from up-stream at Guelph, 
Waterloo, and Paris (the River Nith) should be modelled. 
Related to this would be development of hydrautic models 
relating streamflows and run-off to rainfall. This is 
likely to be a very difficult aspect of the undertaking. 


(iv) Models of sanitary, storm, and combined sewer systems should 
be included in the simulation. This would enable the effect 
of rainfall upon urban run-off, sanitary sewer infiltration, 
and therefore river quality to be evaluated. 


(v) The possibility of relating sewage treatment plant effluent 
quality to influent quality should be studied further. 


(vi) Models for predicting algae populations based on nutrient 
availability, environmental conditions, etc. should be 
developed. This would essentially involve fundamental 
research, and would not be carried out by the actual 
simulation project team. 


(vii) Field study is required to improve models for photosynthesis 
and respiration of algae. 


Appendix 2 of this report discusses the required field study in more 


detail and gives an estimate of the cost of a pilot field study programme 
on the Speed River from Guelph to the confluence with the Grand River. 
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APPENDIX 2 
RECOMMENDED FIELD STUDIES ON RIVER CHARACTERISTICS 


Recommendation number 6 of this report stated that water quality studies 
and further planning evaluations, related to river quality and effluent 
loading guidelines, should be based upon a computer simulation and that 
further field work on river quality characteristics, adequate to allow 
for the evaluation of planning alternatives and the calibration of 
stream models, should be carried out. This appendix describes these 
recommended field studies in more detail and gives a reconnaissance 
estimate of their cost. 


For the purposes of field study the Grand River system can be considered 
in terms of six sections: 


(1) from the city of Guelph to the confluence of the Speed and 
Grand Rivers, 


(2) from the city of Waterloo to the confluence of the Speed and 
Grand Rivers, 


(3) from the confluence of the Speed and Grand Rivers to Glen Morris; 


(4) from Glen Morris to the city of Brantford, 


) 
) 

(5) from the city of Brantford to Onondaga, and, 
) 


(6) from Onondaga to Lake Erie. 

These sections are of suitable size for a field team to carry out on each 
section the studies described later in the appendix. The precise 
definition of the beginning and end of each section would, of course, have 
to be determined prior to the field study, taking into account local 
conditions having significant effect upon river quality. For example, 

the beginning of section 1 should be sufficiently far upstream to enable 
the effect of Guelph city surface run-off and storm sewer loads to be 
examined. 


The following have been identified as components of the field studies to 
be carried out on each section of the Grand River system: 


- study of the physical and hydraulic characteristics of the river, 
- study of water quality parameters in the river, 


- study of the growth characteristics of algae in the river, 
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- study of the performance characteristics of sewage treatment plants 
Situated on the section of river, and 


- study of the sewer systems of municipalities situated on the section 
of river. 


The sewer system study is referred to in recommendation number 13 of this 
report, and is not discussed further in this appendix. Cost estimates 
for the sewer system study have not been included in the estimates 
following for data collection related to the Speed River. The other 
components of the field study are described below. All the components 
are designed with a view to representing the probabilistic behaviour 

of pollution sources and stream response. 


A study of the physical and hydraulic characteristics of each section 
of the river system should be carried out under at least three 
different streamflow conditions. This is in order to develop the 
hydraulic models necessary for representing the effect of variation in 
streamflow rate upon, for example, the velocity and depth of the 
stream, which are required for the mathematical water quality models 
in the simulation program. 


Each study should include the measurement of cross sectional profiles, 
longitudinal profiles (for the determination of the slope of the 

river bed), flow-rates, times of travel and, if possible, direct 
measurement of the dissolved oxygen reaeration rate. In addition a 
qualitative description of the physical features of the section of 
river should be obtained by visual inspection, noting the presence of 
algae, stream obstructions, nature of the river bed, types of water 
use, and so on. 


In order to determine the parameters for mathematical water quality 
models used in the simulation, several studies of water quality should 

be carried out in each section of the river. These studies should be 
carried out, if possible, under different environmental conditions, such 
as time of year, temperature, rainfall, sunlight intensity, and stream 
flow rate. This is because the simulation program is intended to provide 
information about water quality on an all year round basis, taking into 
account these and other elements of variability. 


Each study should consist of measure of the chemical, biological and 
bacteriological aspects of water quality. Chemical aspects include 
concentrations of B.0.D., dissolved oxygen, nutrient materials, and 
others to be determined during detailed planning of the simulation and 
field study work. Biological aspects include biomass of algae, type 
of growth, and others to be determined in consultation with biologists. 
We feel that one question of fundamental importance to be resolved is 
the actual causal nature of algae growth. Thus the effects of 
different nutrient and micronutrient concentrations, water temperature, 
sunlight, physical streambed conditions etc., all certainly affect the 
growth and behaviour of algae and aquatic plants. It will probably 
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be necessary, in addition to the sampling program discussed, to 
carefully set up experimental designs to try and break out the main 
causal factors affecting algae growth and behaviour and to quantify 
the responses. This work could perhaps be partially carried out in 
the laboratory, but in large measure it would have to take place at 
the specific river sites of interest. Bacteriological aspects 
include coliform concentrations. In addition, the particular 
environmental conditions under which each study is carried out 
should be noted. As mentioned earlier, these include water 
temperature, sunlight intensity, rainfall, seasons, stream flow-rate 
and times of travel. For this reason it may be convenient to carry 
out the physical studies described above concurrently with water 
quality studies. 


We have assumed that perhaps 10 separate field studies should be 
carried out, each over a 24 hour period, obtaining direct measurements 
(such as for dissolved oxygen concentration) or samples (such as for 
B.0.D. concentration) every two hours at each of about 15 points along 
the section of river. The positions of these points will depend upon 
the characteristics of the particular section of river being studied, 
but should be chosen so as to be able to establish the model parameters 
sufficiently accurately and to evaluate the quality of water arriving 
from upstream of the river section. The 24 hour period of study at 
each point should begin at a time later than the point above it 
roughly equal to the time of travel between the points. 


A study of the performance of each sewage treatment plant situated on 
the section of river should be carried out. This should at least 
include measurement of the quality and flow rate of the plant effluent, 
but may also be designed to evaluate the relationship between influent 
and effluent, and possibly the performance of the separate stages of 
the plant. 


The measured quantities should include flow rate, concentration of B.0.D., 
dissolved oxygen, nutrient materials, solids, and other parameters to 
be determined in detailed planning of the studies. These measurements 
should be carried out on a number of separate samples, obtained at 
equal intervals during the day, for a number of consecutive days, 

and at several times during the year. In particular, measurement of 
effluents should be carried out consecutively with each of the 24 hour 
water quality studies described above. It would also be worthwhile 

to measure rainfall at each treatment plant during each day of the 
year, for use in conjunction with the sewer system study referred to 
in recommendation 13. 


Pilot Programme 


It is proposed that a pilot field study programme of the nature described 
above be carried out during 1972 on the section of river from Guelph to 
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the confluence of the Speed and Grand Rivers. This should provide a 
data base sufficient for the development of the models required by the 
Simulation program for this section of river. In addition, the 
experience gained would be valuable in planning a field study programme, 
possibly for 1973, in the whole Grand River system. There is no 
essential requirement that the reach studied should be the Speed River. 
However, because of the present quality problems in the Speed and the 
presence of several waste treatment plants, we felt it to be a good 
initial choice. 


An estimate of the cost of this pilot study programme has been calculated 
at $150,000. The suggestion of 10 individual studies of the river 
section in the programme is an estimate of the number required in order 
to adequately calibrate mathematical models under the different environ- 
mental conditions referred to earlier. Our estimate of 15 sampling 
points would depend on an assessment of local river characteristics. 

Both these numbers would be finalized during detailed planning of the 
Study programme. This cost estimate would not likely be sufficient to 
allow a complete investigation of the causal factors relating to algae 
growth, but should allow a good start in this direction. 


If the pilot programme on the Speed River was found to be successful, 

we feel that it would then be appropriate to proceed with data collection 
for the whole Grand River system. Very preliminary estimates indicate 
that this could cost up to a further $500,000. It should be stressed 
that these estimates are only very tentative and would have to be 
considerably better defined before work could be undertaken. 
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GRAND RIVER BASIN 


INPUT MATERIAL 


FROM 
GRAND RIVER CONSERVATION AUTHORITY 


HALTON CO. 


LEGEND 


RECREATIONAL FACILITIES 


OXFORD CO. 


NIAGARA 


NORFOLK CO 


Site 
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11 
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APPENDIX 3 


(Input Material From the 


Grand River Conservation Authority) 


RECREATIONAL FACILITIES IN THE GRAND RIVER BASIN 


Description 


Luther Marsh 
Conservation Area 


Proposed picnic 
Sites (GRCA) 


Grand Valley 
Conservation Area 


Waldimar Park 


Proposed picnic 
Sites (GRCA) 


Belwood Lake 
Conservation Area 


Belwood Lake 
Conservation Area 


Elora Bissel 
Conservation Area 


Proposed picnic 
site (GRCA) 


Elora Gorge 
Conservation Area 


Montrose Reservoir 
(proposed) 


Proposed picnic 
site (GRCA) 


Private park 


West Montrose 
covered bridge 


Proposed picnic 
Site (GRCA) 


* P - Potential 
D - Developed 


Water Body 


Luther Lake 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Irvine Creek 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Activity * 


Swimming 


f 


“8a5.- 


Fishing 


P 


Boating 


D 


Shoreline 
Development 


i 


\ . 4 alr 7 yey -: ny rm Ne yu . : 
a sey > [ by ‘ ih [ ay. 
M4 [age i a | ; Nees i - hy ; Aue aA 


orth Svc 
_snengel ad _ it so 


é F { ‘ “ ~ r, a ai 3 7 
£ . é- f - 
; te %,4 -, ¥ 
— iL “ J AL ’ a ‘lat, r 
hy — A. M. 
ne Me LT ah 
Wa, wepenlas! wa? 
o “H;. band y ‘q 
_ Nae ’ . 
: yaa-® ry 
‘ at ‘ Ls 
_ 4 i > ast \ * 
> . Pie At 
4 a my hes 4 
' iy Ast. 
. * f Vs ay ao uv 
: of Polat 
—, {\ ~— r ny e ve 
0 G Y a % OQ) 
— by fq "eget \ 
i oS 
q q dM q 
- 4 ) 
ee ens 
F mer 
. " s 


f 9 \ Q 


fms aa, oe saad: oH brs 


bmn 5 


i 1 1 


5 WA Ad 
me 


“sf fiq-¢ inl 7 ibe eon die 


thal <i aay BA ob “(bezogorg) 
Dr ia Tt wy. we /t2 
‘ rie 7 i Wor cae 
Up ‘Jong ae rf Uc" i ies care 
a iv i; J eal din ae ine od wecuas 


‘' Bea J sev bmg 


Bris ri i 
Pa eee 4 
“wah hess | 


era} iti 


rt: 
‘ ae . tins D0 
Heh Ivenn-vir ema nape nT int 


F is » we ae et 


foeets. sit 
sh no} tevigenod - 


ytagta. rod . 
>. sy orp ont | | As, 


os poor Suen ., 


s w y 


enti. 


tae i Me 


A weeandy 


ab-oass in9" 


ar Give aie 
Pa \ em supine Ap 
ngvth base | 


a 


Appendix 3 - continued... 


21 Woolwich 
Conservation Area 
(reservoir proposed) 

22 Floradale pond 

22a Private park 

23 Proposed picnic 
site (GRCA) 

24 Conestoga Golf and 
Country Club 

25 Proposed picnic 
site (GRCA) 

26 Kaufman's Flats 

27 Proposed conser- 
vation area (GRCA) 

28 Kiwanis Park 

29 Bingeman Park 

30 Proposed conser- 
vation area (GRCA) 

3] Proposed picnic 
site (GRCA) 

32 Chicopee conser- 
vation area 

33 Doon Pioneer 
Village 

34 Willow Lake 
(dam collapsed) 

35 Doon Valley Golf 
Club 

36 Proposed Conser- 
vation area (GRCA) 

ae Pioneer Tower 


(Historic site) 


Canagagigue 

Creek P P 
Canagagigue 

Creek P 
Grand River D 
Grand River 

Grand River 

Grand River P P 
Grand River D Pp 
Grand River P P 
Grand River Pp 
Grand River P D 
Grand River Pp P 
Grand River 

Unnamed 

tributary 

Schneider 

Creek 

Schneider 

Creek P 


Grand River 


Grand River P P 


Grand River 
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Appendix 3 - continued... 


38 


39 


40 


4] 


42 


43 


44 to 


47 


48 


49 
50 


5] 
52 


356, 


54 to 
57 
58 

59 to 
62 


63 


Waterloo County 
Fish & Hunt Club 


Proposed Conser- 
vation area (GRCA) 


Dickson Wilderness 
Area 


Bannister Lake 
Wildlife Area 


Pinehurst Lake 
Conservation Area 


Everglades Park 


Proposed picnic 
sites (GRCA) 


Five Oaks Camp 


Rest Acres Park 


Proposed picnic 
site (GRCA) 


Private park 
Lion's 
Centennial Park 


Proposed Whiteman 
Creek Reservoir 


Proposed picnic 
sites (GRCA) 


Proposed Princeton 
Reservoir 


Proposed picnic 
sites (GRCA) 


Park Haven Lake 
Park 


Grand River 

Blair Creek P P 
Ponds 

Bannister L. 

Pinehurst 

Lake 

Grand River P D 
Grand River 

Whiteman Cr. 

& Grand River D D 


Whiteman Cr. 


Whiteman Cr. 


Whiteman Cr. 


Whiteman Cr. 


Whiteman Cr. Pp P 


Whiteman Cr. P 


Whiteman Cr. 


Whiteman Cr. Pp 
Park Haven 
Lake D D 
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64 


65 


66 


67 


68 


69 


70 


ri to 
78 


79 


80 


8] 


82 to 


83 


84 to 
86 


87 
88 


89 


90 to 
92 


23 


Proposed picnic 
site (GRCA) 


Crestwood Lake 
(private park) 


Proposed Vandecar 
Reservoir 


Proposed picnic 
site (GRCA) 


Brant Conservation 


Area 


Proposed picnic 
site (GRCA) 


Mohawk Lake Park 


Proposed picnic 
site (GRCA) 


Street Boat Ramp 
and Park 


Proposed picnic 
site (GRCA) 


Proposed Harrisburg 


Reservoir 


Proposed picnic 
sites (GRCA) 


Proposed picnic 
sites (GRCA) 


Chiefwood Park 


Proposed picnic 
site (GRCA) 


Iroquois Village 


Proposed picnic 
sites (GRCA) 


Caledonia Hunters 
& Anglers Club 


Whiteman Cr. 
Crestwood 
Lake 
Whiteman Cr. 
Grand River 


Grand River 


Grand River 


Mohawk Lake 


Grand River 


Grand River 


Grand River 


Fairchild Cr. 


Fairchild Cr. 


Grand River 


Grand River 


Grand River 


Grand River 


Big Creek 


Grand River 
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94 
95 


96 


97 


98 


99 to 


100 


101 


102 


103 


104 


105 
106 
107 


108 


109 


110 
Cae 
Lie 


vis 


114 


Boat Ramp 


Proposed Conser- 
vation Park (GRCA) 


Ross Deagle's Boat 
Ramp 


McAlpine's Boat 
Ramp 


Proposed Conser- 
vation area (GRCA) 


Proposed picnic 
sites (GRCA) 


Proposed picnic 
site (GRCA) 


Proposed picnic 
site (GRCA) 


Proposed picnic 
site (GRCA) 


Taquanyah Con- 
servation Area 


Grand Oaks Park 
Conway Park 


Riverview Motel 
and Boat Ramp 


Potential park 
site 


Potential park 
Site 


Laundry Boat Ramp 
Sunnibank Park 


Potential park 
site 


Roger's Fishing 
Haven 


Byng Island 
Conservation Area 


Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
Grand River 
McKenzie 
Creek 

Grand River 


Rogers Creek 


Rogers Creek 
Grand River 


Grand River 
Grand River 
Grand River 


Sulphur Creek 
& Grand River 


Grand River 


Grand River 


Grand River 


Grand River 


Grand River 
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115 


116 
119 


120 


12] 


122 


123 
124 
15 
126 
128 


129 
131 


182 


133 


134 


128 


136 


137 


138 


139 


140 
146 


147 


to 


to 


to 


to 


L.S.P. Marina 


Recreational 
Beaches 


Victoria Hil] 
Conservation Area 


South Brant Lions 
Park 


Proposed picnic 
site (GRCA) 


Willow Lake Park* 
Dunmark Park 
Arrowhead Park 
Proposed picnic 
sites (GRCA) 


Proposed picnic 
sites (GRCA) 


Crehwing Scout 


Camp (Perth Dist.) 


Morrington Cen- 
tennial Project 


Proposed picnic 
sites (GRCA) 


Yorkstown Lodge 
Wed. Scott 
Conservation area 


Sun Valley Beach 


Holiday Beach 


Proposed picnic 
Sites (GRCA) 


Ayr Reservoir 
(Porposed) 


Grand River 


Lake Erie 


McKenzie Cr. 


McKenzie Cr. 


McKenzie Cr. 
McKenzie Cr. 
Big Creek 
Tributary to 
Big Creek 
Smith Creek 
Nith River 
Nith River 
Nith River 
Nith River 
Tributary to 
the Nith River 
Nith River 
Tributary to 
Baden Creek 
Nith River 


Nith River 


Nith River 
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148 Spring Valley Tributary to 
Trout Farm Alder Creek 
149 Country Gardens Tributary to 


Alder Creek 


150 to Proposed picnic 
151 sites (GRCA) Nith River 


152 Nith River Park Nith River 


153 Proposed Develop- 
ment of an isolated 
lake near Ayr 


154 Ayr Conservation 
area Nith River 


155 to Proposed picnic 
159 sites (GRCA) Nith River 


160 Peacehaven Scout 
Camp (South 
Waterloo District) Nith River 


161 to Proposed picnic 
163 Sites Nith River 


164 Blenheim Bend 
Conservation Area Nith River 
(under development) 


165 to Proposed picnic 
166 sites (GRCA) Nith River 


167 to Proposed picnic 
WT sites (GRCA) Speed River 


178 Guelph Township 
Centennial Park Speed River 


179 Proposed picnic 
site (GRCA) Speed River 


180 Guelph Reservoir 


(proposed) Speed River 
181 Picnic site (not 

fully developed) Speed River 
182 Everton Reservoir 

(Proposed) Eramosa River 
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183 


184 


185 
186 


187 


188 


189 


190 


19] 


192 


193 


194 


195 


196 
197 


198 


Everton Mill 
Conservation Area 


Everton Scout and 
Cub Camp 


Camp Bre Beuf 


Rockwood Conser- 
vation Area 


Edgewood Park 
Lutheran Camp 


Halton Presperty 
United Church Camp 


Blue Springs Scout 
Camp 


Guelph District 
Scout Camp 


Kortright Water- 
fowl Park 


Golf Course 


Fishermill Pond 


Private Mill Pond 


Barbars Beach 
Butlers Beach 


Puslinch Lake 

Conservation area 
(no development 
proposed) 


Shade's Mills 
Conservation Area 


Eramosa River 


Eramosa River 


Eramosa River 


Eramosa River 


Eramosa River 


Blue Springs 
Creek 


Blue Springs 
Creek 


Eramosa River 


Speed River 


Tributary to 
the Speed R. 


Tributary to 
the Speed R. 


Creek from 
Puslinch Lake 
to Speed R. 
Puslinch Lake 


Puslinch Lake 


Puslinch Lake 


Galt Creek 
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199 


200 


201 


202 


205 


206 


207 


208 


209 


210 


211 


2iz 
215 


to 


Note: 


Aberfoyle Mil] 
Park 


Proposed picnic 
site (GRCA) 


Riverside Maples 


Proposed picnic 
sites (GRCA) 


Cones togo 
Reservoir 


12th Field 
Regiment Park 


Grand York 
Sportsman's Club 


Ruthven Park 
(private) 


Hamilton Yacht 
Club 


Conestogo Yacht 
Club 


Waterloo City Park 


Silverbirch Lodge 


Galt Creek D D 


Conestogo R. 


Conestogo R. 


Conestogo R. D D 
Conestogo R. D D 
Conestogo R. D D 
Grand River P 
Grand River P 
Grand River D 


Conestogo R. 
Laurel Creek 


Galt Creek D 


* ~ uses of the area could not be established. 
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APPENDIX 4 


GRAND RIVER FLOOD CONTROL ALTERNATIVES (1,2,3) 


FLOOD CONTROL STORAGE - (AC-FT.) 


West Barrie 
Montrose Hill Everton Arkell Ayr 
27,600 0 0 0 73,000 
Z 7,000 0 4,300 : 
u ul 0 0 Ww 
" " ] 2 ,000 0 iT) 
‘ : 5,800 0 : 
‘ 0 0 4,300 
u 0 0 0 i] 
: 0 12,000 0 ‘ 
“4 0 5,800 0 : 
rk 0 0 0 24,000 
s 0 5 ,800 0 24,000 
: 0 5 ,800 0 33,000 
¥ 0 0 0 33:,000 
z 0 5 ,800 0 54000 
i 0 0 0 51,000 
if 0 5 ,800 0 60 ,000 
iq 0 0 0 60,000 
0 0 12,000 0 59 ,000 
0 7,000 12,000 0 59,000 
0 7,000 0 0 59 ,000 
25,000 0 0 0 0 
46 ,000 0 0 0 0 
25 ,000 0 5 ,800 0 0 
46 ,000 0 12,000 0 0 
52,000 0 5,800 0 0 
52,000 0 12,000 @) 0 
46 ,000 0 0 4,300 0 
52,000 0 0 4,300 0 
52,000 0 0 0 0 
0 0 0 0 0 
0 7,000 0 4,300 73,000 
0 0 0 4,300 73,000 
0 0 12,000 0 73,000 
0 0 5,800 0 73,000 
0 0 0 0 73,000 
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APPENDIX 4 (Contd, ) 


West Barrie 
Montrose Hil] Everton Arkell] Ayr Hespeler 
0 0 0 0 33 ,000 
0 7,000 0 0 73,000 
0 7 ,000 12,000 0 73,000 
0 7,000 5 ,800 0 73,000 
0 0 0 0 24,000 
0 0 5 ,800 0 24,000 
0 0 5,800 0 33,000 
0 0 5,800 0 51,000 
0 0 0 0 51,000 
0 0 5 ,800 0 60,000 
0 0 0 0 60,000 
0 0 12,000 0 
0 0 5 ,800 0 0 
0 0 0 4,300 0 
0 7,000 0 0 0 
0 0 0 7,700 0 
0 7 ,000 0 7,700 0 
0 7,000 0 7,700 60 ,000 
0 0 0 7,700 60 ,000 
0 0 0 7,700 73,000 
46 ,000 0 0 7.700 0 
52,000 0 0 7,700 0 
0 0 0 4,300 51,000 
0 0 0 4,300 24,000 
0 0 0 4,300 33,000 
25,000 0 0 4,300 0 
0 0 12,000 0 59 ,000 0 
4,000 
7,000 
10 ,000 
0 0 5,800 0 24,000 0 
4,000 
7,000 
10,000 
0 0 5 ,800 0 33,000 0 
4,000 
7,000 
10,000 


2 O5=«. 


0 


000.8 — 


000, ¢ 
060, OF 


0 


000.4 
000, % 


000, 0F 


oO occ 


a 


5 


~~ YoY 


© ; s 
SS. 8: 
2 «2 * 


o ecoca ceooso oo 


ad it 
ad Wee 


me ny o , ' he 
x oe 5 Ao! | 7 ni 


=} 


G00, ST 


008, 2 


ww 
mm 


: — = ” - 7 x tt ; 
= 7 . [> — q = 


3 S . j 
- | - f ; 


o ooces 


(1) All combinations include the Luther, Belwood, Conestogo and 
New Guelph reservoirs. 


(2) One additional combination (not listed) was evaluated to 
determine the benefits of the New Guelph Reservoir over the three 
existing reservoirs. 


(3) Results for the last 12 combinations are based on a finer sub- 
division of the watershed than the first 61 to allow the 
inclusion of the Hespeler Reservoir. 
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APPENDIX 5 


SUMMARY OF WATER SUPPLY OPTIONS EVALUATED 


In terms of allocating resources to communities, it has been assumed 
that interconnection between the Megalopolis Communities (Waterloo, 
Kitchener, Galt, Preston, Hespeler) would exist by 1981. This 
Simplifies the allocation problem in that Middle Grand resources 
would then have to be divided between only two population centres; 
Megalopolis and Guelph. On the basis of geography and timing of 
need, most resource assignments become readily evident on this basis. 


A full list of the alternate internal source plans which have been 
evaluated appears in this appendix along with a listing of the various 
pipeline solutions that were considered. 


Though the list of pipeline designs might appear large at first glance, 
it should be pointed out that a number of problems appear when consider- 
ing pipeline design. A specific design is predicated upon a knowledge 
of the source, the communities to be served, design populations (in 
this case populations projected to the year 2001), the staging of 
various segments of the system and the approach taken to staging 
(oversizing of some parts of system for later add-ons or twinning of 
the pipeline back to the source). As with internal source facilities, 
pipelines have been designed so that all completions of construction 
would occur at one of four bench mark years through the planning 

period (1976, 1981, 1986, 1991). Lakes Huron, Ontario and Erie were 
all considered as supply sources. However, because of large differ- 
ences in capital and operating costs between the first two and Lake 
Erie, only two planning options were included in later analysis for 
each of Lake Huron and Lake Ontario. For Lake Erie as a source, 
forty-six different designs were considered. 


Internal Sources 


Service to Guelph: 


- Build Everton Reservoir to maintain stream flow in Eramosa, 
develop a recharge facility at Arkell Springs (first phase), 
lay pipeline up valley and develop groundwater (second phase). 
Operational by 1976 or 1981. 


- Repeat above option, but re-dedicate dam to other purposes by 1986 
or 1991. This implies a pipeline by 1986 or 1991 to replace 
groundwater. 


- Build Arkell Reservoir and treatment plant. Operational by 
1981. 
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Build West Montrose Dam and water treatment plant. Operational 
by 1981, service to continue throughout planning period to 
Guelph only. 


Build West Montrose Dam and water treatment plant initially for 
Megalopolis (1976). Convert to Guelph service by 1986. 


Build connecting pipeline between Guelph and Megalopolis, Guelph 
groundwater to augment Megalopolis supply to 1976. Build Ayr 
reservoir and treatment plant to be operational in 1976 and 
service both Guelph and Megalopolis to end of period. 


Build Birge's Mill Reservoir to maintain flow in Lutteral Creek. 
Develop wells along Lutteral Creek. 


Service to Megalopolis: 


Build West Montrose Reservoir and treatment plant to be 
Operational by 1976. Re-dedicate reservoir in 1986 or 199] 
(implies Lake Erie pipeline or Ayr Reservoir to be operational 
in 1986 or 1991). 


Build Ayr Reservoir and water treatment plant to be operational 
by 1976 or 1981 or 1986. Other supply sources would be required 
for augmentation depending on year that Ayr becomes operational. 


Build Ayr Reservoir and treatment plant to be operational by 
1976, Re-dedicate in 1991 and replace supply with Lake Erie 
system. 


Build Ayr Reservoir and use water impounded for groundwater 
recharge. (Full cost evaluation not possible at present.) 


Build Barrie Hill Reservoir on Speed River with either (a) a 
freshot diversion system from Belwood or (b) a pumping diversion 
from Belwood. With both systems build diversion from Barrie Hill 
Reservoir into Cox Creek and develop wells along Cox Creek. With 
system (b) develop wells along Speed River from Barrie Hill to 
Belwood. 


Develop groundwater along Grand River from Bridgeport to Belwood. 
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- Develop groundwater on 0.H.C. lands. 


- Build Lake Erie pipeline to Ayr Reservoir and treatment plant. 
Mix waters before treatment. 


- Build effluent spreading system from Kitchener water pollution 
control plant. Use renovated water as recharge for Cedar Creek 
or similar stream and develop wells in stream valley. (Full 
evaluation not possible at present. ) 


- Build water treatment plant on Grand River. 


Service. to Brantford: 


- Expand treatment plant on Grand River when need arises. 


External Sources 


All of the following pipeline systems have been described in the same 
way, i.e. the source is given, followed by each area on the system, 
and the year in which they come on. For any city which does not come 
on the system immediately, an indication is given as to whether the 
System is twinned or oversized. The abbreviations being used are 

as follows: 


Sources; LE. i=) Lake Erte 
L.O. = Lake Ontario 
L.H. = Lake Huron 
Customers: N = Nanticoke area including industrial 


customers, Lynn, Jarvis, Hagersville, 
Caledonia, Cayuga 


B = Brantford 


M = Megalopolis including Kitchener, Waterloo, 
Galt, Preston, Hespeler 


G = Guelph 
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